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SINGLE JOINT ALUMINUM METER  * 
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The crisp, clean appearance of Rockwell aluminum meters will reflect = 

credit on the quality of your measurement. Their compact dimensions BIR, 

conserve space. Light weight makes them easy to handle and install. ine 

Heavy duty shafts, gears and pinions, plus oil impregnated bronze bush- = 

ings at every bearing point, assure the longest life of sustained accuracy. 800 

For safety, Rockwell meters have a bowl type body with only a op 

single joint to seal against leakage. They offer you the easy mainte- WE! 

nance of a completely replaceable working mechanism. For catalog, lohe 

write Rockwell Manufacturing Company, Dept. 40-H, Pittsburgh 8, Pa. Enne 
In Canada: Rockwell Manufacturing Company of Canada, Ltd., Box 

420, Guelph, Ontario. Mem 
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THERES NOTHING LIKE 
THE CLEVELAND J-20 


FOR DISTRIBUTION TRENCHING 











VY SR 


oo 
ERES Wns At his seat, the J-20 operator 


shifts the conveyor from side to side, controls the conveyor belt 
speed and direction, steers, hoists—in fact, has 100% control of 
every machine function. With the J-20 he maneuvers efficiently, 
sneaking by poles, trees, etc....cuts trench as close as 18 inches I 
from side obstructions... places spoil where desired...digs to 
precise grade and width in all soils...gets high daily production 
on services as well as mains. 


THE CLEVELAND J-20 DIGS MORE TRENCH...IN MORE PLACES...AT LESS COST 


7 4 the 


RMN 


Get the complete J-20 story from your distributor 
The CLEVELAND TRENCHER Co. 


eecececececeeeseeeeeeeeeeeeeeeeeeere® 


Y Everywhere 20100 St. Clair Avenue * Cleveland 17, Ohio 
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Dearborn bring’s 
push-button ease to 
pipe joint priming 


There’s nothing like it on the market anywhere. 
You can throw away your messy pots and 
brushes .. . The new aerosol packaging of 
Dearborn’s standard Pipe Line Primer 

does it all! 


















Freon pressurizing empties the can to the last 
drop ...no waste... no spillage. Totally safe— 
it carries the New York Fire Department’s 

seal of approval. And it’s always ready for use 
... at the touch of a finger. 








Available in 15-ounce cans in case lots of 12 
from your Dearborn representative. Modernize 
your joint priming operation by ordering 

some today. 


DEARBORN CHEMICAL COMPANY 


General Offices: Merchandise Mart, Chicago 54 

Dallas - Des Plaines, Ill. - Ft. Wayne - Honolulu 
Linden, N. J.» Los Angeles - Nashville - Omaha 
Pittsburgh - Toronto - Havana + Buenos Aires 
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STOPPER CoO., INC. 


SUPPLIES 
Pac. Coast Rep.: C. B. Babcock Co., 
1485 Bayshore Blvd., 
San Francisco 3, California 
New England Rep.: Eastern Appliance Co.. 
281 Vassar St., Cambridge 39, Mass. 


SAFETY GAS MAIN 


STREET DEPARTMENT 


Z HANDLE & 
LOCKING SLEEVE 


523 Atlantic Avenue, Brooklyn 17, N. Y. 
Cable Address: Gastopper, New York 








THE GOODMAN-PEDEN STOPPER | | | 
TWO STYLES—WITH OR WITHOUT PLUG 


In the Goodman-Peden Stopper the flexible @& 
frame, padding, covering and diaphragm of No 
Goodman Stopper remain in principle, but the 
handles have been discarded and in their stead 
a new arrangement in construction makes it 
possible to operate the stopper mechanically 
rather than by the experience and skill of the 
workman. Made in standard sizes. 2” to 48”. 











Standard | 
Pipe Plugs 
Sizes 
Many Types 
in Stocl. 





% 





GOODMAN CYLINDRICAL STOPPERS 


‘this is an inflatable bag 
with a fine, strong water- 
proof casing for use in gas 
and oil pipes. The broad cen- 
tral zone making contact 
with the wall of the pipe 
keeps the bag from creeping 
or slipping. 
. 4 may wos inflated to a 
igh internal pressure and 
will hold against 60% as Heel 
much pressure in the main. 
This stopper is pulled into | 
place by cables. It will hold 
poe — pressure than any 
other bag. - 
Sizes, 2 inch to 48 inch in Plugs 
stock. 
Special sizes to order. 


GARDNER-GOODMAN STOPPERS 


Inflatable Spring 


Stoppers for 


Inert Gases 





A stopper for low and 
intermediate pressures. 
For use on cast iron 
or steel, oversize or 
undersize mains. 


Special Sizes ne 
Easily inserted in top, 





bottom or side of main, Tape for 
in open excavation or | 
on Short under pavements. | 
For pressure work, 
use two or more stop- E 
Notice pers in parallel. mergency 
. Sizes, 2 inch to 20 
inch. 
Special Sizes 
to Order Repairs 
a DEPENDABLE GAS MAIN BAGS 


PLAIN RUBBER 


For the present, we have discontin- 
ued the manufacture of all types of 
_ except spe lg nee 
ran eee (medium weight) and Type ‘“‘C” 
PIPE CLEANING Canvas Covered Bags. 

Type “C” for use in mains coated 
with tar or oil and wherever a plain 


BRUSHES 

















rubber bag would not hold. This 
canvas-covered bag consists of an 
inner bag of fine quality rubber, 
strong and expansible, encased in a 
cover made of best quality U. S. 
Army duck. Gauge of Rubber and 
strength of duck suited to each size. 
Bags correctly fashioned and covers 
finely tailored insure a snug fit and 
a good shut-off when the bag is in- 
flated in the pipe. Fitted with tire 
valve, nipple, hose clamp and thumb 
screw. Inflate as you would a tire. 
To deflate pull out the valve. 
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A valuable aid t 
have on hand to band«- 
age up breaks 
mains and service 
Repairs made th 
way will hold f 
long periods if nece 
sary. Bandage wit 
Soap Tape and cov« 
with Binding ‘Tai 
Strips 2”, 4”, 6”, 8”. 
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Texas utilities contractor reports: 


“OUR 774 CUTS 25-200% MOR 
TRENCH THAN DITCHERS WITH 
MECHANICAL TRANSMISSIONS 


‘“‘We know for a fact our Barber-Greene 774 Ditcher 
with dual-range Hydra-Crowd transmission cuts 25 
to 200% more ditch daily than mechanical trans- 
mission ditchers we’ve used,” says H. W. McCurley, 
of Pearson & McCurley, Beaumont, Texas, utilities 
contractors. 

“Actually the 774 revolutionizes ditcher design 
with a hydraulic control system that gives the op- 
erator fingertip control of forward crowding speeds, 
boom hoist, discharge conveyor drive . . . all inde- 
pendent of wheel digging speeds. And our operator 


Midwest utility company 


This Barber-Greene dug in record time the street 
mains and over 300 services in one subdivision, 
keeping well ahead of the crew that was welding, 
wrapping and lowering in. Owned by a major mid- 
western gas utility, the Model 773 shown below 
is only one of the more than 25 Barber-Greene 
Ditchers in their fleet. 


For close quarter operation, Barber-Greene’s 772, 
identical with the 773 except for narrower track 
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OWNS FLEET OF OVER 25 BARBER-GREENES 












sure likes the instant dialing of maximum crowd- 
ing speed for any ground condition. 

NO PARTS REPLACEMENT— “In ditching 36,000 » 
feet, we’ve had no parts replacement ... never ius 
changed digging teeth, side cutters or gumbo cut- By 
ting lips on fingerback buckets,” he recalls. 

This Texas firm bought its 774 after renting one 
from a contractor. Your Barber-Greene Distributor 
will take you to a job and show you the ditcher you 
are interested in so you'll get all the facts. Call him 
today. 























gauge and pad width, works within 19” of side ob- 
structions. All three utility ditchers have dual-range 
Hydra-Crowd transmission, exclusive digging wheel 
drive with fully guarded chains, automatic overload 
protection, shock-absorbing flexible drawbar, hy- 
draulically driven spoil conveyor with rubber-in- 
pact rollers, and fewest wearing parts for minimum 
maintenance. Model 774 is available with 5% or 7’ 
wheels and cuts from 18-30” wide. Models 773 and 
772 trench to 5!2’ deep and 10-24” wide. 














On jobs in Beaumont and Orange, Texas, installing pipe from 8” to 16”, 
Pearson & McCurley'’s 774 with 52-ft. wheel dug up to 2,500-ft. daily 
in tough gulf coast gumbo. “Has plenty of reserve to dig far beyond 
our daily needs,” says Mr. McCurley. 


Manufacturer of the only modern ditcher line 


Representatives in Principal Ci 


Main Office and Plant AURORA, ILLINOIS, US. Sms GC 


Plants in DeKalb, IIlinois..Detroit..Canada..England..Brazil..Australia 


»ber-tired or crawler mounted Barber-Greene 
ical Boom Ditchers cut lowest cost trench from 
‘to 24” wide and to 7’ deep. Model 705-8, 
yn, digs to 4’8” deep. 


'VEVORS @ LOADERS @ DITCHERS @ ASPHALT PAVING EQUIPMENT 
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High pressure gas flow formulas. 
Holders, pipe and bottle-type, code 
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requirements . 48, 172-17 
Hot water, approximate fuel consump- 
Ce aie S Ghee eo <8 184, 135 


Hot spot protection It] 

How to determine proper type of 
meter to install ; 

How to estimate time and pressure 
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How to estimate volume of blowdown 33 
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Hydrostatic testing of mains ....... 0) 
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Identification of pipe, visual 68 
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and equipment, installation 196 
Industrial furnaces, fuel consumption 190 
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Inspection of construction ..... 10] 
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buildings ...... 214-226 
industrial and commercial 196-210 
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tests for mains over 100 psi ...... 47 
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Bridges, battleships and boxcars all 





Liquefied petroleum gas (see LP-Gases) 





dust or other foreign particles to accumulate and disrupt 


service. 


_ % Engineering design and construction afford many exclusive 
maintenance and service advantages. 


UNIVERSAL CONTROLS 


CORPORATION 
OFFICE AND PLANT — CARROLLTON, TEXAS 
Mail Address — P. O. Box 13122 e Dallas 20, Texas 


require the rugged strength of steel. No Losses, gas +1 19 
7. ss Low pressure gas flow formulas .... 23 
less important is the strength and stam- LP-Gases 

ina needed for safe, dependable per- ASA code requirements ..... 56 
formance in gas service regulators. average properties of 169 
That’s why UNIVERSAL regulators “ain tee eee 172- fae 

are made exclusively of steel. They es pol decays ns ecg Te installation of LPG storage con- 
shock resistant, lighter in weight and Sindunk aisle im ieee ees 53s 4: bat 173 
thoroughly dependable. packaged unit with breather relief devices ............. 175, 176 
vent and cathodic insulator. systems maintenance - 36, 172 
Write for Bulletin No. 52! systems “<7 requirements — a 
e cee ny systems ventilation , 208 
Exclusive ADVANTAGES OF a vepodiniiion of liquid in tanks 168, 175 
MEOOT DECCERTES. ce ewe ts 169 

M 
GAS SERVICE REGULATORS Magnesium anode installations 117 
Mains 
backfilling and soil stabilization 9] 
ae ; ; : connections, service lines........ 123 
*% The original vertical diaphragm prevents water accumulation nmimaletnner .......... 2... 45 
.no freezing, no internal parts rusting. BE eee ae 46 
* Every regulator “operation tested” at factory and set at cotuns aad COC ta ee 46 
desired outlet pressure. Measures and weights ........... 192 
. : : cone ; Measurement 

* Vital internal parts are made of bronze, stainless steel and design of large volume gas ..... 150 
aluminum for best corrosion resistance. factors for high pressure . "144 
* Once installed, regulators cannot be rotated to allow water, high pressure, with PD meters... . |44 
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Mechanical stabilization of soil 9] 
Mercury vacuum, absolute pressure 139 
Metals, electrochemical series .. 108 
Metals, galvanic series of metals and 
NE oes i Nos 43 Se Fh + 108 
Meters 
CUCM RN Ie 5 25-4) (2 28 Waa ees 140 
eS tee Oe ee 104 
GRREEMITY FACING 5 5 said in Saleh 141 
expressing meter accuracy........ 138 
high pressure, PD measure- 
SRD. Bila we ee ee 144, 15] 
how to determine proper type to 
SR Re tee a A OE ay 140 
installations , kao 
location of, ASA code a 52 
percentage of error, table....... 137 
ON a 137 
FabOe CODACIICS 2. oak cence’ 141 
residential, installation of........ 52 
selection of location............. 140 
selection of type .. otis 0 
sizing for domestic and small 
commercial loads .......... . 140 
type to install 141 
Meters, orifice. alignment chart . 146, 147 
N 
Natural gas, temperature-enthalpy 
BS Ea eerie ee 138 
NFPA Standard 59 (extract) ...172-177 
Nomenclature. industrial gas 210 
Oo 
Odorants 
ASA code specifications 56 
handling . puta halt 161 
intensity of, methods of checking 159 
line conditioning of new mains .. 159 
methods and equipment........ 156 
| Sear 155 
rr 159 
Oil-gas, interchangeability ........ 180 
Orifice meters 
duplex differential type 150 
large volume design 150 
simplex differential type ... 150 
Pp 
Panhandle formula, gas flow 33 
Physical constants of gas 162 
Pig speed, hydrostatic testing . 82 
UNREINE NMEIMN Fs hed. Ghd sive kg cone GES 80 
Pipe, cast iron 
design specifications .. . 47 
flange matching tables 70 
installation of ....... one ee 48 
mccmanical joint ...........44. 74 
21, ne ere eS eee vb. 
EES is a SE ay od wie 2 75 
Pipe coatings 
enamels and primers 112 
estimating quantities required 116 
IN Bik foo ine 8 ed ess been 115 
waxes and greases ....... 112 
WRONG (500k Gdn .c' pm ewe es 115, 116 
2 | 104 
Pipe, design factors ............ 44, 57 
Pipe, plastic ...... ar 76 
Pipe, protective coatings ee 
Pipe, relative discharging capacities 37 


Pipe. sizing of .. 119, 200-203, 214-226 


Pipe-to-Soil Potential test 

Pipe, Specifications and Working 
Pressures, table 
Non-API Standard Grade B ..... 


111 


58 





API Standard Gr: Sagat ar pil : “Spanner 


API Standard 5LX-42 ..... «: ip oie DN a Shes oa dee << sane Gale 205 
API Standard SLX-46 .......... 64 ss. ee oe = 4 oe 
API Standard SLX-52 ..... ae ee Soe 5.5 199 
t A , -276 
Pipe, steel line Piping, residential, capacity of 214-22 
design, installation and testing 42 Piping, LP-Gas utility plants ..174 
estimating data for welding ...... 90 Plastic insert service renewals --- 118 
flange matching tables ....... 70 Plastic tapes, pipe protection........115 
flow capacity, service lines ...... 119 Plastic pipe i 
hydrostatic testing .............. 80 AGA recommendations 6 
Si oA Se Saas ee re 45 burst values 2 -- 7 
visual identification ............. 68 dimensions, IPS and SWP -- 77 
working pressures .............. 57 flow chart ++ 78 
i al . Pole formula, gas flow Ka dtele cee 
Pipe, storage capacity ......... 38 Positive displacement meters ...... 144 
Piping, graphic symbols ..... 86, 87 Pressure, conversion factors ....... 192 
Piping, industrial and commercial Pressure limitation and control 
OMNI 5 5.5 cs srenies sx Methe ve 198 design, requirements .... .. .49, 51 


a. ve 


eliminates practically all troubles 
CO from normal sticking or 


lifting valves . . . Lancaster Valve 
Covers prevent valve squeaks with a 
gum-resistant ring compounded of inert, 
friction-free carbon-graphite. Strong and 
shock-resistant, this special compound is 
far less apt to chip or break in transit 
or during repair or installation. 


In use, Lancaster Valve Covers provide the 
most level and truly concentric seat sur- 
face ever achieved. 





: Continual, positive contact... in any driv- 
*Gum-resistant ring Specially com- ing dog position . . . is assured with the 


pounded of friction-free inert carbon- large ¥-inch stud that is rounded and 
graphite swaged into the rugged brass shell. 





NEW, IMPROVED LANCASTER 
CARRIER WIRE ASSEMBLY 


keeps pans moving in a 


*Large-Profile Stud offers greater con- straight line... Height is adjusted 

tact area at side carrier bracket for most accurate 
- positioning. Oval slots in new center 
bracket permits diaphragm to travel in 
straight line. Porous bronze graphite bear- 
ings are used throughout. You can order 
oval-slot center brackets separately and 
adapt them to any carrier wire. 


“a meter is only as accurate as its parts” 






METER PARTS CO. 


POST OFFICE BOX 378, LANCASTER, OHIO 






cturers of Quality Parts for Gas Meters 
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is certificate is proof 











“AMERICAN. ¢ ons COMPANY vie 


iN THE INTEREST OF PUBLIC SAPETY 3. 
A GAS LEAKAGE SURVEY HAS BEEN CONDUCTED. cat 
IN THE GAS SYSTEM OF THIS COMPANY 


GSD VJANIO60 za ou 
Southern Cross Foresters 


ATLANTA, GEORGIA 
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Southern Cross Foresters presents this Safety Certificate upon 
completion of each leakage survey. 

It is visible proof that your company has employed recog- 
nized, impartial, outside specialists to locate leaks in its system. 

In addition to the public relations value, the survey this 
certificate represents will prove a positive guide to the reduction 
of costly unaccounted-for. 

Employing the latest Vegetation Methods and electronic- 
ally instrumented Safety Surveys, SCF can take care of all leak 
location problems. 

Our fully equipped system trained repair crews stand ready 
to repair the leaks located if you desire. 


SOUTHERN CROSS FORESTERS 


Atlanta 6, Georgia Melrose 4-4227 


Technica’ 


high, low pressure distribution 


NE ag Lice idee ok she RET 5 
relief valve capacity.......... oy ae Wf 
WE IDOE ere Do ck v ee ost cee 16' 

Ro ae ah: ccna; enw cigte miele WR 11 
Proof testing gas meters ..........13 
Propane—air gas, determination of 
Mrmer- sero VRING 25... i vk 2 18: 
DPICR OICROTE <6 5 DS he abv ois 9 
Protecting gas services against 
corrosion phat 11 
Purging, mains and pipelines ... 46, 22 
Purging Operations ........... 22 
R 
Rapid survey method . £82, 18 
Rectifiers, cathodic protection ..110, 11 
Regulators 
REI sos dione tes nee 104 
determining capacity . vow keen o4 
determining pressure cuts ..... 134 
freezing problems : oor HOG 
how to determine pressure cuts ... 134 
UI OUEOE. boos cite 6 ory 'c wccee ie 136 
on al AP cr gata ie ire eae 125 
Regulator station design 126-13 
Resistance to flow, valve and fittings 
S 
Satety fOr WEES... . 2. ok cise sisinns 88 
Safety requirements in handling 
aie ee 177 
Service lines 
design of a pan 119 
guide for determining sizes ..119-125 
ST ig ea AS 123 
protecting against corrosion ..... 117 
typical connections ; Sere oo 
Service renewals, plastic insert...... 118 
Service renewals, copper ....... 118 
Settlement of soil due to construction 
re iy So eee 92 
Shutoff, typical Be 97. 
Simplex differential orifice meter... . 150 
Soil resistivity survev 111 
Soil stabilization, and backfilling... . . 9] 
Space heating — heat 
Co ae a ee eee 183 
Spitzglass formula, GAS BOW ws. os ene: 23 
ee ee eG eee ee a7 
Storage 


installation, LPG containers. 172 

pipe and bottle-type holders. . .48, 172 

pipe, capacity of 38 

safety codes, LPG utility plants 172-177 
Symbols 

piping, fittings, controls, accessories 86 

basic weld symbols .... ........ 87 


connections in welded piping...... 87 
Tank capacity formulas ....... 167, 177 
Tank car unloading LPG........... 177 
Tapes, protective, pressure sensitive. . 112 
Tapes, protective, coal-tar.......... 112 
SRS ae tei oa aaa a ee 72 
Temperature conversion table....... 154 
Temperature enthalpy diagram for 

typical natural gas ............-. 135 
Temperatures, lowest recorded U. S. 

and Canadian cities............. 69 
Testing 

BRO OCONS che ee Sk cna 137 

mains and services........ 46, 80, 223 
TinGase meter data... eo ies 141 
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renches 
backfilling and soil stabilization... 92 
material displaced by pipe ....... 99 
spoil-pile dimensions ........... 99 
VGN. 5.65.06 540) ca wale eee Bete 99 
Vv 
Valve and fitting resistance to flow, 
UE oi ciis\ai'a 0.4, 4-6 vo wwe hl 4 tee 73 
Valves 
code requirements .............. 40 
cost index a, ae 104 
equivalent resistance factors ..... 199 
flow resistance chart ............ 73 
Po re 86 
LOU RININS h ais 80 iors Sig <n wl Aree 54 
RPE GOMIRINEDS . on. ccc cana 174 
mamtenance ... ........ 56 
semi-steel plug, flange matching 
IY Es ceo).\b 2. cen ate arrancones 70 
SOFVIOE COCKS 06. 6 ce cas : 121 
i, errr es <p < 
EES vines Huse awals wel 54 
RENIN 5 cds Orava eetS gira ares ore GO 224 
Vaporization in propane tanks .....168 
Vaporizers for LPG plants 
NO Pa a ee 175 
IR sh baa = a5 fad ees aes 175 
Vapor pressures 
FOr GAGCS ft PGIA. oc... 5c eck he 164 
LS | i RES SATO CP Reed, 169 
UMN Sc 5: iain chia © aaialte & e een GEAG 165 
Vaults 
GNIS 2). ss eats eats did dak 127 
regulator, design of............. 127 
SERS RE Se Pe oe 127 
Vent connector clearances.......... 188 
Venting 
ROUND i ss Sats sera 0 eh toed te 186 
Si Si a rr, net 187 
ee ©. 186 
regulator stations ........6.6..%; 130 
OOP WOM oo bs sv ohis. eo aa 186 
Venting of gas appliances ...... . 186 
Volume correction factors ........ 178 
WOUMUUIOS OF TANKS. goose ck ck cee oe 167 
WwW 
Water content 
eo a 166 
a Ce) 165 
vapor in saturated gas ......... 165 
ey i ar 165 
Water heaters 
FOGERIOES FOURS eS eiad so kotavalnw es 185 
NGNMUIRMEG ONE, Petre olctt ca. i ase tie bles 184 
ERT seh tere eet nalts *. i: sara st dialer 184 
storage CApACINES ...........65. 184 
Water heating requirements 
5. SESS ee 184 
SP ee eee 185 
SE MPM 5 td OZ A Oesehs dish'n, ood 185 
Waxes and greases, protective 
COMIN x o's clea aero s oes + sare 112 
Weights and measures............. 192 
Weights of mechanical joint pipe for 
SOM NEE GORE oe cries vo Cae 74 
Welders, personal protection. ...... 88 
Welding, estimating data .......... 90 
ee ae 88 
Welding 
COR GUND kaso k nde s awe me 90 
RRR ers 8s Teen ko. Nie! a cuwrets 88 
symbols ME ne ce RE ee 87 
Weymouth formula, gas flow....... 25 
Working pressures of pipe...........57 





PIPE MORE GAS, CLEANER GAS 
CUT CORROSION-REPAIR COSTS 
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Its mirror-smooth 
interior walls enable 
KRALOY PVC PIPE to deliver 

20% greater volume 





WITH KRALOY PVC PLASTIC PIPE 


Increased line-flow, a definitely purer, cleaner product, and longer, 
trouble-free service — these are the outstanding results gas distribution 
engineers are reporting about KRALOY PVC PLASTIC PIPE. Rust, rot, 
corrosion, sour and dirty gas problems don’t faze KRALOY. KRALOY’S 
unique qualities are proving themselves in both main and service pipe 
installations. Amazingly light (% the weight of steel), KRALOY’s high 
impact rating and flexural strength greatly simplify transportation, 
handling and laying. And with the ease of cutting and joining KRALOY 
PVC you can then save up to 50% in installation costs! 


Not affected by electrolytic action, KRALOY defies scale buildup and 
ground or chemical actions. Inert, corrosion-proof, KRALOY PVC never 
needs painting or cathodic protection —ends “holiday hunts” and cuts 
maintenance costs to the absolute minimum. Precision extruded with 
mirror-smooth walls for greater thru-put, free-flow KRALOY’s unchang- 
ing quality is insured by continuous rigid laboratory control. Available 
in all sizes from %4”" to 12” with plastic valves and fittings. 









KRALOY PLASTIC PIPE CO., INC., AGH-8 ' 
402 West Central Avenue, Santa Ana, Calif : , 


Please send me a copy of your FREE 36-page 
Technical Handbook on PVC Pipe. 





SEE OUR 
CATALOG IN 


SWEET'S 


NAME. :. 







ADDRESS 












Mail coupon today for 
KRALOY’S free 36- 
page Technical Hand- 
book on PVC Pipe. 
packed with informa- 
. , tion, including flow 

_ A charts and corrosion 

A a resistance chart cov- 

ee Cie : ‘ ee ering acids, and solu- 
tions to today’s piping 
problems. 
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NOTHING PIPES LIKE 

















RELOCATE GAS LINES 


QUICKLY and $ 








AFELY with 


ee 


MUELLER:- NO-BLO METHOD 





— 
es and Equipment 
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here’s how: 








step ‘ATTACH FITTINGS 


Weld Mueller Line Stopper Fittings to main 
on each side of section to be relocated. 
Weld Save-A-Valve Drilling Nipples to line 
providing by-pass and purging connections. 
Attach gate valves to drilling nipples. 








STEP 2 DRILL MAIN 


Attach special Mueller gate valve to stopper 
fitting. Attach DH-2 Drilling Machine (or 
D-4 Drilling Machine) to gate valve. Make 
cut, retract drill, close gate valve and remove 
drilling machine. Repeat cutting operation in 
second line stopper fitting and Save-A-Valve 
Drilling Nipples. 





M@ Recently a new sewer trunk line and man- 
hole installation posed a tough line relocation 
problem for a gas utility company. Serving an 
industrial and residential area, service could 
not be interrupted during relocation of the line. 
- This schematic diagram of the problem and 
the step by step illustrations show how the line 
was relocated with Mueller No-Blo Method 
Line Stopper Fittings and Equipment... 
without interrupting service and without gas 
blowing during the entire operation. 





STEP <> CONNECT BY-PASS 


Attach line stopper to H-17135 Stopping Me 
chine and attach Machine to gate valve 
Connect by-pass line between the }i-1713 


Stopping Machines. Purge by-pass, ti °n sto} - 


flow through the by-pass line, 






















Open 1 
ting, 5 
Sop-o 

fiting. 

































ELLER | MUELLER H-17135: 
2 DRILLING STOPPING MACHINE 
ACHINE For stopping off 1!/,” 





and 2” lines. Maximum 
working pressure is 125 
p.s.i. Maximum tempera- 


or hand operated 
drilling 1/4" through 
\;" diameters. Air or 















oh, 


soline engine power ture rating 250° F. 
its. Maximum working 
ruse of 1,200 p.s.i. 
p 100° F. 
1 
1 
| 
. ; . For complete engineering and 
. 2vLEa No-Blo Method information, write direct. 
d a Oo SAVE-A-VALVE DRILLING 
_ MUELLER CO. NIPPLES 
¢ dis! Welding or threaded inlet nipples 
é available for 250 p.s.i. or 1,200 p.s.i. 
DECATU R ‘ ' LL . service. Sizes from 3%” through 3”. 
pmnitanaing tabaci : : Factories at: Decatur, Chattanooga, Los Angeles; 
s GEM Sponsor Sy ¢ i, In Canada: Mueller, Limited, Sarnia, Ontario. 































ster 4 stop-orF step 5 RELOCATE MAIN STEP G& ACTIVATE MAIN 


55 Open jate valve on upstream stopper fit- With by-pass line maintaining flow of gas Purge isolated main section after welds have 
3 Me hing, sert and expand stopper. Repeat without interruption or shut-down, the isolated cooled. Using Unit #1 Stopping Machine, 
valve.| 2P°° operation on downstream stopper section can be removed and relocated. remove line stopper in downstream fitting and 
17139] “NMG. Section is now isolated. Test new welds before activating new section. close gate valve. Then remove line stopper 


on fitting in upstream fitting. Main section is 
now in operation. Remove by-pass. Plug and 
cap line stopper fittings and drilling nipples. 








DIRECTORY OF 


Gas Associations 


American Gas Association 
Man. Dir. — C. S. Stackpole, 
420 Lexington Avenue, 

New York 17, N. Y. 


Gas Appliance Manufacturers Ass’n 
Man. Dir. — Harold Massey, 60 East 
42nd St., New York 17, N. Y. 


Canadian Gas Association 


Man. Dir.—W. H. Dalton, 2532 Yonge 
St., Toronto, Ontario 


Florida-Georgia Gas Association 


Sec.-Tr.—H. H. Phipps, The Houston 
Corp., St. Petersburg, Fla. 


Indiana Gas Association 

Sec.-Tr.—R. A. Steele, Citizens Gas & 
Coke Utility, 2020 N. Meridian St., 
Indianapolis, Ind. 


The Maryland Utilities Association 
Sec.—Frank J. Little, 320 St. Paul 
Place, Baltimore, Md. 


Michigan Gas Association 


Sec.-Tr.—M. G. Kendrick, Michigan 
Consolidated Gas Co., Detroit, Mich. 


Mid-West Gas Association 

Sec.-Tr.—James J. Finnegan, 1163 
Northwestern Bldg., 
Minneapolis, Minn. 


Natural Gas and Petroleum Association 
of Canada 


Sec. and Asst. Tr.—H. B. Fry, United 
Gas & Fuel Co. of Hamilton, 
Hamilton, Ontario. 


New England Gas Association 


Man. Dir.—Clark Belden, 10 Newbury 
St., Boston 16, Mass. 


New Jersey Gas Association 


Sec.-Tr.—Ralph E. Martin, New Jersey 
Natural Gas Co., Asbury Park, N. J. 


Pacific Coast Gas Association 


Man. Dir.—Robert D. Scott, 870 
Market St., San Francisco 12, Calif. 


Pennsylvania Gas Association 


Sec.-Tr.—James A. Schultz, Reading Gas 
Div., United Gas Improvement Co., 
Reading, Pa. 


Pennsylvania Natural Gas Men’s Ass’n 


Sec.-Tr.—P. L. Kesel, Carnegie Natural 
Gas Co., Pittsburgh, Pa. 


Rocky Mountain Gas Association 


Field Sec.—Roy G. Munroe, Room 16, 
1300 Glenarm St., Denver 4, Colo. 


Southeastern Gas Association 


Sec.-Tr.—Edward W. Ruggles, North 
Carolina State College, Raleigh, N. C. 


Southern Gas Association 


Man. Dir.—Robert R. Suttle, 1524 Life 
of America Building, Dallas 2, Tex. 


Wisconsin Utilities Association 
Exec. Sec.—-Dale F. Hansman, Empire 
Bldg., Suite 522, Milwaukee 3, Wisc. 






The most 


effective PIPE LOCATOR in the world 
FIELD PROVED 


the award winning 


; ignalma stor” 


TRANSISTORIZE 


PIPE LOCATOR 


MODEL TR-1A 


Utility and Construction Companies, Munici- 
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ia RI 








ETCHED CIRCUITRY 











ENCAPSULATED PARTS 





a ae a By Gy Sy 














SEVEN TRANSISTORS 






palities are unanimous in agreeing that 
MODEL TR-1A has proved most effective for 
locating mains, services, valves, conduit, high 
voltage lines, telephone cables. Easily sepa- 
rates parallel lines and can be used to trace 
non-metallic pipe lines. Complete piping sys- 
tems traced out. 


SPECIFICATIONS: Size of cases when clamped 
together: 91/2’ x 12%" x 54%” «© Size of trans- 
mitter and receiver boxes, each: 9142” x 124%” x 
2%,"" © Operating weight, transmitter: 442 Ibs. « 
Operating weight, receiver: 434 Ibs. ¢ Circuit: 
Transmitter—one transistor, Receiver—six tran- 
sistors ¢ Batteries: Transmitter—4 size C flash- 
light cells, Receiver—4 size C flashlight cells « 
Switching: a. Automatic power switching for all 
‘“‘on-handle’’ operations. b. Automatic ‘‘turn-off’’ 
when set is not being used. 


1540 W. Glenoaks Bivd. 
Glendale 1, California 
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Why drill services ? 
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For taking services off mains. A quick, safe, 
steel (shell casting) welding tee that incor- 
porates in each tee a punch and positive 
shut-off. Does away entirely with drill devices. 
We also have a model threaded at the base 
to screw into the saddle. 


Punches. Y%;’ 5/16” and ¥%” diameter, rec- 
ommended for 5/16” (or thinner) pipe wall 
thickness. 2” diameter, restricted to use on 
V4” wall thickness or thinner. 


Each tee is tested to 5,000 p.s.i. hydraulic 

_— pressure, and carries “Rated 1,000 pounds”’. 

small guté@s which A 5 to 1 safety factor. Made from steel similar 

hold punch to its to pipe, it welds easily, and in the saddle 
true axis. model, takes a perfect thread. 


SSL R LAL ELI EE GAL ALY 








Both sizes made have 1” base. Side 
outlet can be furnished %” or 17 end 
beveled for welding, standard pipe 
size, either threaded, or smooth for 
compression coupling. Or outlet can 
be internally threaded for 1/2” pipe size. 

With this tee you will be forever free 
from the cost of drilling machines, 
broken drills and drill machine mainte- 
nance and repairs. We feel this tee is 
the finest service improvement ever 
offered to the gas industry. Write for 
circular with installation instructions. 


M.B.SKINNER CO. 
SOUTH BEND 21, INDIANA 














Your F/SHER/MAN offers you 


a silent sentinel with 
< hundreds of applications 






This one all-purpose regulator handles 
literally dozens of complex control jobs \ 
that now require several types of regu- 
lators in combination. The control in- 
stallation is simplified. Initial costs are 
cut. Maintenance on the line is mini- 
mized. In a few minutes Type 99 con- 


FISHER 
TYPE 99 


MULTI-PURPOSE 
PRESSURE REDUCING | 
GAS REGULATOR 















































th 
Ra el 
ORIFICE SIZES— verts to high or low oc a 
with minimum parts required. If you 
INNER VALVE STYLES want additional information about 
capacities and construction details 
%” Composition Disc write Fisher for Bulletin P 99C. 
ie Single Port. Max. Inlet 
‘ete 250 psi. 144” Composition 
en Disc Single Port. Max. 
YL] Inlet 150 psi. 
the 
ab The factory pre-set spring provides powerful lock- 
‘ er 
%" “O" Ring Single Port. off action. 
Max. Differential 250 psi. use 
1%” “0” Ring Single Port. Large, effective area of main diaphragm in combina- 
ae Max. Differential 250 psi. tion with relay pilot assures trouble-free accuracy. 
(with heavy main spring) | 
2” “O” Ring Single Port. . ‘ ice 
Max. Differential 40 psi. It is only a matter of minutes and a minimum of | 
parts to convert to high or low pressure pilot. 
tor 
2” threaded or flanged inlet and outlet. Standard of | 
hi-tensile iron body for up to 150 PSI inlet, XH or Pal 
bronze body for up to 250 PSI inlet. 
f Composition valve disc assures tight shutoff on y 
zero flow and excellent regulation from low flow 
to maximum capacity. To 
2” “O"' Ring Double Port. Max. Differential 100 psi. 











IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD . . . CHANCES ARE IT'S CONTROLLED BY. . 


FISHER GOVERNOR COMPANY 


Marshalltown, lowa / Woodstock, Ontario / London, England 
CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsylvania SINCE 1880 
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Gas Distribution Line Flow Calculations 


(For lines operating at pressures over 1 psig) 


The following method of computing the flow of gas in 
distribution lines operating at pressures over | psig, and 
up to 100 psig inlet pressure, is based on the Spitzglass 
Formula for pressures over | psig. This formula is: 


Pa \ % 
QO- 3 eee 
D) 4830K (= ) 
Where: 


Q = Flow per hour in cu ft of gas at 14.73 psia and 
60 F. 

P = Pressure drop between terminals in psig. 

a = Average pressure in line, psia. (Absolute initial 
pressure minus half the pressure drop). 

S = Specific gravity of gas. (Air = 1.0). 

L = Length of pipe in feet. 

d = Internal diameter of pipe in inches. 


d 


3.6 
1 + c ea 0.03d 


K 


C 


To arrive at the factors shown in the tables and graphs, 
the following formulas were used: 


OX (1 + 14.4-.25)\ 
65 x 20000 


D- V4 
BB = i. re 
5X (14+ 14.4 —-.25) 


2000 \ “= 
c= (72) 


Calculations have been reduced to a practical form by 
the use of tables and graphs, where the hourly rate of flow, 
Q, is based on 0.65 specific gravity, 14.73 psia base pressure, 
temperature of 60 F, and barometer of 14.4 psia. 

In making calculations in this section, the various factors 
used are given in tables and graphs as follows: 

Factor AA: given in table in this section. 

Factor BB: given in two graphs in this section. 

Factor C: given in table in preceding section. 

Where specific gravity differs from 0.65, correction fac- 
tors for other specific gravities are used to modify the value 
of Q. These factors are given in the Specific Gravity Factor 
Tables in the preceding section. 


AA = 4830 K ( 





To Find Hourly Rate of Flow 
I. Where all gas is fed from one end of line and dis- 

charged at other end. Q = AA x BB x C 

Example: Find hourly capacity of a 6-in. line, 800 
ft long, with inlet pressure of 30 psig 
and pressure drop of 5 psig. 

Solution: 25,100 « 5.27 x 1.58 = 208,997.66 cu ft 
per hr. 


If. Where conditions are not the same as outlined under 
(1) above, factors may be applied for different 


“cases,” as outlined in the following section for cal- 
culating flow at pressures under | psi. These factors 
are: 


Where gas is fed from one end of line and dis- 
charged at intervals along the line, use Factor “D” 


(= 1.7), and Q= AA xX BBx Cx D 


Where gas is fed from both ends of line and dis- 
charged at intervals along the line, use Factor “E” 


(= 4.8), and Q= AA x BBx Cx E 


. s . 
Where gas is fed from both ends of line and middle 
of line and discharged at intervals along the line, use 


Factor “F” (= 13.6), and Q = AA X BB x C x F 


(For explanation of Factors D, E, and F, see 
chart on page 24 of this Handbook, entitled 
“Factors to Apply to Low Pressure Formulas 
Under Varying Conditions to Obtain Gas De- 
livery Quantities. ) 


II. Where conditions are such that deliveries from the 
line are made at different points along the line that 
are not equally spaced and that do not deliver equal 
volumes, it is necessary to separate the line into 
sections between such points of delivery and calcu- 
late flow for each section, using the formula out- 
lined under (1) above. 





To Find Pipe Diameter Required 
Q 


ormula: AA = —— 
BB x C 
i:xample: Find pipe diameter required to deliver 10,000 
cu ft per hour for distance of 1000 ft at inlet 
pressure of 20 psig and pressure drop of 3 psig. 


10,000 
3.61 x 1.41 


10,000 


olution: 50901 AA 1964.6 


From Table of “AA” Factors, a 212-in. pipe 
would be required. 


To Find Pressure Drop 


Q 
F a: BB = ————— 
ormula eS e 
Example: Find pressure drop in 1800 ft of 4-in. pipe, 
when inlet pressure is 20 psig and rate of flow 

is 20,000 cu ft per hour. 


20,000 20,000 


eu = ———— BB = 2.2514 
8460 x 1.05 8883 


Solution: 


From Graph of “BB” Factors, pressure drop 
would be 1.4 psi. 
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Table of ‘‘AA’’ Factors 


(Standard Steel Pipe data except when starred (*) to indicate cast iron pipe) 


Nominal Internal Nominal Internal Nominal Internal 





Size Pipe Diameter Size Pipe Diameter Size Pipe Diameter 

(Inches) (Inches) “AA’ Inches Inches eg (Inches Inches) “AA” 
1 1.049 196 *6 6.040 24,800 14 13.250 182,000 
14 1.380 432 6 6.065 25,100 15 14.250 218,000 
1% 1.610 670 *6 6.200 26,500 16 15.250 257,000 
2 1.875 1,030 8 8.071 52,500 16 15.375 263,000 
2 2.067 1,350 *8 8.150 53,800 16 15.500 268,000 
2% 2 469 2,220 10 10.020 91,000 *16 16. 160 296,000 
*3 3.020 3,870 *10 10.120 93,200 18 17.250 347,000 
3 3.068 4,030 10 10.136 93,600 18 17.375 353,000 
314 3.548 5,980 10 10.192 94,900 18 17.500 359,000 
*4 4.000 8,300 12 11.500 128,000 20 19.250 451,000 
4 4.026 8,460 12 12.090 145,000 20 19.375 458,000 
4) 4.506 11,400 12 12.120 146,000 20 19.500 465,000 
5 5.047 15,400 12 12.188 148,000 *20 20.240 508,000 
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Gas Distribution Line Flow Calculations 


(For Lines Operating at Average Pressures Under 1 psi) 


The following method of computing flow of gas in dis- 
tribution lines at average pressures under 1 psi is based on 
the Spitzglass Formula for pressures under 1 psi. This 


formula is: 
h MY 
= i 
Q = 3550 (si) 
Where 


Q = Flow per hour in cu ft of gas at 14.73 psia and 60 F. 
H = Pressure drop in inches of water column. 

S = Specific gravity of gas. Air = 1.0 

L = Length of pipe in feet. 

d = Internal diameter of pipe in inches. 


5 ) 
k= 3 ‘- 
1 a + 0.03d 


To arrive at the factors shown in the tables, the following 
formulas were used: 


| Y% 
— 35 Sia - 
a - k(< x 5500) 
h \% 
wag Sy, 
2000 \ % 
c=(*") 


Calculations have been reduced to a practical form by 
the use of tables in which the hourly flow rate, Q, is based 
on a specific gravity of 0.65, 14.73 psia base pressurc, and 
60 F temperature. Tables of Factors for A, B, C, D, E, and 
F, as used in the examples, are given on page 22. 

Where specific gravity of the gas being distributed differs 
from the 0.65 sp. gr. used in developing the tables, the value 
of Q may be modified to obtain greater accuracy by apply- 
ing the proper factor from the table of Specific Gravity 
Factors given below. 

When finding the rate of flow, multiply the calculated Q 
by the proper factor. 

When finding required pipe diameter or pressure drop, 
divide the given Q by the proper factor. 

The factor is determined by the formula: 


.65 Vy, 
Sp. Gr. factor = (ox) 





| 
Specific Specific | 


Specific | Specific | 
Gravity.| Factor Gravity | Factor | Gravity | Factor | Gravity | Factor 
.60 1.041 .64 | 1.008 68 978 72 950 
61 1.032 .65 | 1.000 69 971 73 944 
2 | 1.0%] 66 | 992] 70 | 964 | 74 | 937 
.63 1.016 67 985 71 957 75 931 











To Find Hourly Rate of Flow 


CASE 1-A. All gas fed from one end of line and discharged 
at other end. 


V=a Axe xe 


Example: Find hourly capacity of a 4-in. line, 500 ft 
long, with pressure drop of 1.0-in. w.c. 
Solution: 715 x 3.16 x 2.00 = 4519 cu ft per hour 





CASE 1-B. All gas fed from one end of line and discharged 
at intervals along the line. 


Q=AXBxCxD 


Example: Find hourly capacity of a 6-in. line, 400 ft 
long, with pressure drop of 1.5-in. w.c. 
Solution: 2120 x 3.87 x 2.24 x 1.7 = 14,009 cu ft/hr 


CASE 1-C. Gas fed from both ends of line and discharged 
at intervals along the line. 


On X38 x Cx E 


Example: Find hourly capacity of a 3-in. line, 800 ft 
long, with pressure drop of 0.7-in. w.c. 
Solution: 341 x 2.65 x 1.58 x 4.8 = 6853 cu ft per hr 


CASE 1-D. Gas fed from both ends and middle of line 
and discharged at intervals along the line. 


O=AXEBXCXE 


Find hourly capacity of a 2-in. line, 1000 ft 
long, with a pressure drop of 0.5-in. w.c. 


Example: 


Solution: 114 2.24 x 1.41 x 13.6 = 4897 cu ft per hr 
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To Find Pipe Diameter Required 


CASE 2-A. 


Example: 


Solution: 


CASE 2-B. 


Example: 


Solution: 


CASE 2-C. 


Example: 


Solution: 


CASE 2-D. 


Example: 


Solution: 


All gas fed from one end of line and discharged 
at the other. 


ae. 
mt Ts » 


Find pipe diameter required to deliver 3000 
cu ft of gas per hour for a distance of 500 ft, 
with a pressure drop of 1.0-in. w.c. 


3000 3000 


A= 495 


From Table of “A” Factors, a 3-in. pipe would 
be required. 


All gas fed from one end of line and discharged 
at intervals along the line. 


a ee 
~BxCxD 


Find the pipe diameter required to deliver 
4000 cu ft of gas per hour, for a distance of 
1000 ft, with a pressure drop of 0.6-in. w.c. 


i ce a eden 
2.45 x 1.41 1.7 5.87 

From Table of “A” Factors, a 4-in. pipe would 
be required. 


Gas fed from both ends of line and discharged 
at intervals along the line. 


_ Q 
A=BXCKXE 
Find the pipe diameter required to deliver 9000 
cu ft of gas per hour, for a distance of 950 ft, 
with a pressure drop of 1.5-in. w.c. 


9000 


9000 
26.9 


hii ae — 334.5 
3.87 x 1.45 x 4.8 a ta 
From Table of “A” Factors, a 3-in. line would 
be required. 
Gas fed from both ends and the middle of line 
and discharged at intervals along the line. 


= Q 
A=BXCKXF 
Find the pipe diameter required to deliver 
5000 cu ft of gas per hour, for a distance of 
725 ft, with a pressure drop of 0.4-in. w.c. 


5000 _ 5000 
2.00 x 1.66 X 13.6 45.15 


From Table of “A” Factors, a 2-in. line would 
be required. 


A = 110.7 








CASE 3-A. 


Example: 


Solution: 


CASE 3-B. 


Example: 


Solution: 


To Find Pressure Drop 


All gas fed from one end of the line and dis- 
charged at the other end. 


Q 


wieey 


Find the pressure drop in 600 ft of 4-in. pipe, 
where the rate of flow is 10,000 cu ft per hour. 


10,000 
715 x 1.82 


10,000 


ma B = 7.68 
1301.3 


From Tahle of “B” Factors, pressure drop 
would be 5.9-in. w.c. 

All gas fed from one end of line and discharged 
at intervals along the line. 


are. a 


AxCcxD 


Find the pressure drop in 500 ft of 4-in. pipe, 
where the rate of flow is 4000 cu ft per hour. 


4000 4000 
a 
715 x 2.00 x 1.7 = 2431 
From Table of “B” Factors, pressure drop 


would be 0.3-in. w.c. 








CASE 3-C. 


Example: 


Solution: 


CASE 3-D. 


Example: 


Solution: 


Gas fed from both ends of line and discharged 
at intervals along the line. 


a. ae 


~AXCXE 
Find the pressure drop (difference in pressure 
between inlets and point of lowest pressure) 
in 800 ft of 3-in. pipe where the rate of flow 
is 10,000 cu ft per hour. 


10,000 
341 x 1.58 x 4.8 


10,000 


From Table of “B” Factors, pressure drop 
would be 1.5-in. w.c. 

Gas fed from both ends and the middle of 
line and discharged at intervals along the line. 


i ee 
 AXxCM#H 


Find the pressure drop (difference in pressure 
between inlets and points of lowest pressure) 
in 1100 ft of 3-in. pipe, where the rate of flow 
is 15,000 cu ft per hour. 


15,000 _ 15,000 
341 x 1.35% 13.6 6260.76 


From Table of “B” Factors, pressure drop 
would be 0.6-in. w.c. 


B = 2.395 
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Factors To Use Distribution Flow Line Calculations 











Table of ‘‘A’’ Factors 


Standard Steel pipe data except when starred (*) to indicate cast iron pipe 






































“yn 


22,600 
25,000 
29,300 
29,800 
30,300 


38,100 
38,700 
39,300 
42,900 


| 

Nominal Internal | | Nominal Internal Nominal Internal 
Size Pipe Diameter Size Pipe Diameter Size Pipe Diameter 

(Inches) (Inches) “-<" (Inches) (Inches) as 3 (Inches) (Inches) 

1 1.049 16.6 } *6 6.200 2,240 16 15.500 
1% 1.380 36.5 | 8 8.071 4,430 | *16 16.160 
114 1.610 56.5 *8 8.150 4,550 } 18 17.250 
7 1.875 86.9 | 10 10.020 7,680 | 18 17.375 
2 2.067 114 *10 10.120 7,870 18 17.500 
24 2.469 187 10 10.136 7,900 20 19.250 
3 3.020 327 | 10 10.192 8,020 20 19.375 
3 3.068 341 | 2 11.500 10,800 20 19.500 
316 3.548 505 12 12.090 12,300 *20 20.240 
*4 4.000 701 "13 12.120 12,400 
4 4.026 715 12 12.188 12,500 
416 4.506 965 14 13.250 15,400 
5 5.047 1,300 15 14.250 18,400 
*6 6.040 2,090 16 15.250 21,700 
6 6.065 2,120 16 15.375 22,200 
Table of ‘‘B’’ Factors 
Pressure Drop Pressure Drop Pressure Drop Pressure Drop Pressure Drop 
(In. of Water) “B" | (In. of Water) -— In. of Water a. In. of Water ‘B’ (In. of Water) 

1 1.00 3.1 5.57 6.2 7.87 12.2 11.0 18.2 

2 1.41 3.2 5.66 6.4 8.00 12.4 rM.3 18 4 

3 1.73 3.3 5.74 6.6 8.12 12.6 11.2 18 6 

4 2.00 3.4 5.83 §.8 8.25 12.8 11.3 | 18.8 

5 2.2 3.5 5.92 7.0 8.37 13.0 11.4 19.0 

6 2.45 3.6 6.00 7.2 8.48 12.2 11! | 19.2 

7 2 65 3.7 6.08 | 7.4 8.60 13.4 11.6 | 19.4 

& 2.83 3.8 6.16 | 7.6 8.72 13.6 ig } 19 6 

9 3.00 3.9 6.24 | 7.8 8.83 13.8 11.7 19.8 
10 3.16 4.0 6.32 8.0 8.94 14.0 11.8 20.0 
1.1 3.32 4.1 6.40 8.2 9.06 14.2 11.9 
1.2 3.46 4.2 6.48 8.4 9.16 14.4 12.0 
1.3 3.61 4.3 6.56 8.6 9.27 14.6 12.1 
1.4 3.74 4.4 6.63 8.8 9.38 14.8 19:2 
15 3.87 | 45 6.71 9.0 9.49 15.0 12.2 

| 
1.6 4.00 4.6 6.78 9.2 9.59 15.2 12.3 
1.7 4.12 4.7 6. 86 | 9.4 9.70 15.4 12.4 
1.8 4.24 4.8 6.93 9.6 9.80 15.6 12.5 
1.9 4.36 4.9 7.00 9.8 9.90 15.8 12.6 
2.0 4.47 5.0 7.07 10.0 10.0 16.0 12.6 
3.4 4.58 5.1 7.14 10.2 10.1 16.2 12.7 
2.2 4.69 5.2 7.21 | 10.4 10.2 16.4 12.8 
2.3 4.80 5.3 7.28 | 10.6 10.3 16.6 12.9 
2.4 4.90 5.4 7.35 | 10.8 10.4 16.8 13.0 
25 5.00 5.5 7.42 11.0 10.5 17.0 13.0 
2.6 5.10 | 5.6 7.48 11.2 10.6 ig .2 13.1 
a.7 5.20 5.7 7.55 11.4 10.7 17.4 13.2 
2.8 5.29 5.8 7.62 11.6 10.8 17.6 13.3 
2.9 5.38 5.9 7.68 11.8 10.9 17.8 13.3 
3.0 5.48 6.0 7.75 12.0 11.0 } 18.0 13.4 
Table of ‘‘C’’ Factors 
Length of Pipe | Length of Pipe Length of Pipe | Length of Pipe Length of Pipe 
(ft) — | (ft) “; (ft) ss (ft) “6” (ft) 
———————— —EE — —— ee - — | — = a | - a — — 

5 20.0 260 2.77 750 1.63 1,550 1.14 | 3,100 
10 14.1 280 2.67 775 1.61 1,600 1.12 3,200 
15 11.6 300 2.58 800 1.58 1,650 1.10 3,300 
20 10.0 325 2.48 825 1.56 1,700 1.08 3,400 
25 8.94 350 2.39 850 1.53 1,750 1.07 3,500 
30 8.17 375 2.31 875 1.51 1,800 1.05 3,600 
40 7.07 400 2.24 900 1.49 | 1,850 1.04 | 3,700 
50 6.32 425 2.17 925 1.47 1,900 1.03 3,800 
60 5.77 450 2.11 950 1.45 | 1,950 1.01 3,900 
70 5.35 475 2.05 1,000 1.41 | 2,000 1.00 4,000 
R80 5.00 500 2.00 | 1,050 1.38 2,100 976 4,100 
90 4.71 525 1.95 1,100 1.35 2,200 953 4,200 
100 4.47 550 1.91 | 1,150 1.32 2,300 932 | 4,300 
120 4.08 575 1.87 1,200 1.29 2,400 913 | 4,400 
140 3.78 600 1.82 1,250 1.26 2,500 894 | 4,500 
160 3.54 525 1.79 1,300 1.24 2,600 877 4,600 
180 3.33 | 650 1.75 1,350 1.22 2,700 861 4,700 
200 3.16 | 675 1.72 1,400 1.20 2,800 845 4,800 
220 3.01 7 1.69 1,450 Ly 2,900 830 4,900 
240 2.89 725 1.66 | 1,500 1.15 3,000 816 5,000 


‘‘D”’ Factor = 1.7 





‘‘E’’ Factor = 4.8 





‘‘F’’ Factor = 13.6 











22 American Gas Journal, GAS HANDBOOK ISSUE, August 15, 1960 








The Spitzglass Formulas 
For distribution system problems the Spitzglass formulas 
are most commonly used. These formulas are: 


FOR PRESSURES NOT EXCEEDING ONE POUND 


GAGE: 
Q = 3550k(.)” 
sien 


Where: 
Q = Flow per hour in cu ft at 14.73 psia and 60F. 
H = Pressure drop in inches of water column. 
S = Specific gravity of gas. (Air = 1.0). 
L = Length of pipe in feet. 
d = Internal diameter of pipe in inches. 


K es d° 4 
= 7 
( 1+ i + al 


FOR PRESSURES EXCEEDING ONE POUND GAGE: 


Pa\ 2 
= 30K 
Q = 48 k (=r) 
Where: 


Q = Flow per hour in cu ft at 14.73 psia and 60F. 
P = Pressure drop between pipe terminals in psi. 


a = Average pressure in pipe line, psia. (Absolute initial 
pressure minus half the pressure drop.) 


S = Specific gravity of gas. (Air = 1.0). 
L = Length of pipe in feet. 
d = Internal Diameter of pipe in inches. 


ds 


K = Z 
(75 255 003s) 


Values of \/d° 




















Diameter (d) 

















inches (internal ) V dé 
Bi. 4871 
824 (34” pipe) .6163 
1.000 1.000 
1.049 (1” pipe) BIZ7 
1.38 (114” pipe) 2259 
1.50 2.756 
1.61 (1%” pipe) 3.289 
2.00 5.657 
2.067 (2” pipe) 6.143 
2.479 (2%” pipe) 9.579 
3.00 15.59 
3.068 16.49 
Co), A eee 32.00 
4.026 I2.52 
6.00 88.18 
8.00 181.0 
10.00 316.2 
12.00 498.8 
oO, SREP aRT rPE Ree Re aerret eee 1024. 
20.00 1789. 
MNES. 55. ci/iucer otecnuavicentens 2822. 
30.00 4930. 
36.00 


7776. 











Low Pressure Gas Flow 


The Fritzsche Formula 


This variable density formula is recommended by some 
companies for computing systems having operating pressures 
of 15 psig or less, and more specifically, for the 2 to 15 psig 
range in small diameter pipe (8-in. or smaller). The 
formula is: 


1.72 uD ite oo Ne 


Q= gorp | 10° T, L 








and 


: wa $°-86/ P.\155 ( T, 10? L\Q-8s 
Y ts — ath = Tz) (“—) 


(Z = (P,*— P,?) or (fP, —fP,) in studies of 
compressible gases) 


z= 2.614 §9-86 10° L Q! 85 
7 104 d® 


Where: 
Q = flow in cubic feet per hour at 14.73 psi and 60F 
T, = T, = 520 BR 
P, == 14.73 psi 
S = 0.65 sp gr 





The Pole Formula 


Another formula that has been used in computing low pres- 
sure services is the Pole formula, expressed as follows: 


d> 

Q = 876 1 : 
Where: 

Q = Flow per hour in cubic feet at 60F 
d = inside diameter, inches 
h = pressure drop 
g = specific gravity of gas (air = 1.0) 
1 = length of main in ft 





Values of d*’® 


Diameter in Inches 9/3 








External Internal (d) 
BS 2.067 6.93 
2.500 3.068 19.87 
4.500 4.026 41.02 
6.625 6.065 122.4 
8.625 7.981 254.3 
10.75 10.02 466.8 
12.75 12.00 755.0 
14.00 13.25 983.5 
16.00 15.25 1,430.2 
18.00 17.25 1,986.6 
20.00 19.25 2,661.6 
22.00 21.25 3,465.0 
24.00 23.125 4,340.8 
26.00 25.125 5,415.0 
28.00 27.125 6,642.3 
30.00 29.125 8,030.0 
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FACTORS TO APPLY TO LOW PRESSURE FORMULAS (1-LB AND UNDER) 
UNDER VARYING CONDITIONS TO OBTAIN GAS DELIVERY QUANTITIES 





When the main is fed from one end and discharged at the 
other: 
Assuming that the pressure drop h and the specific gravity 
S remain constant, then the only variable in the Spitzglass 
formula 


Q = 3550Ke/—- | | 
SL q—el lL »a | 


Example A Mv 
is the length L ae femme pprera ~-| : 


h 
.» 3900 Kk ries constant = C 
S 


a] 
then Q = cy ~ 
4 W 


total flow when main is fed from one end and discharged 
at the other. 














When the main is fed from one end and discharged at inter- 
vals along the main line: 
This factor was obtained from the Gas Engineers’ Hand- 
book.” Assuming equal intervals between services, equal 

















demands per service, and a total of 40 services on the line. 
This factor is correct within 1.0 per cent from 20 to 10,000 { { { 
Example B services on the line. tien ] | | J 
i 1 
then Q = 1.7C L 
total flow when main is fed from one end and dis- 
charged at intervals along the line. 
~~ (*Published by McGraw-Hill Book Company, New York, New York, 
1934.) 
me 
When the main is fed from both ends and discharged at inter- cre 
vals along the line: - 
Assume that '2 of the total flow is being fed through each intl 
end, then the point of no flow would be at 2 of the total 
length. Wh 
From EXAMPLE B, 
ee ee a a 
2 L 5 eA... i 
Example C = | | ] | | | | cad 
2 & 1 = anc 
i sy £ Be i £ 
Q=2x 173 Cy fe 
O=>43¢6 al V 
L ther 
total flow when main is fed from both ends and dis- 
charged at intervals along the line. 0 





When the main is fed from both ends and the middle and dis- 
charged along the line: I 
Assume that the flow fed at the middle is double that fed at 
each end, the point of no flow would be % the total length Q 
from EXAMPLE B, 














Q i 3 | 4 a 
—— + =_— ae I od . 
pa Cy p= lICyT an (Se ae 
— | — 7 M 
Example D 4 aad 4 | | | J | | ™ me:t 
- a) . jt £ L L L Hoy 
eee * See 4 a i ae 
£as \ 
7 the r 
QO = 15.6C Vz Tt 
& ba 
Sg 
total flow when main is fed from both ends and the mid- ing i¢ 
dle and discharged at intervals along the line. trans 
3 bas 
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THE WEYMOUTH FORMULA 


Most widely used formula in the gas industry for calcu- 
lating the flow of natural gas through pipelines is the 
Weymouth Formula, developed by Thomas R. Weymouth, 
and expressed as: 


T 16/3 
Q = 433.45 P_ (Sa) (P.*—P2)%. . () 
Where: 
Q = flow per 24 hr day at standard conditions P, and 1, 
d = internal diameter of pipe in inches 


L = length of line in miles 


Q 
iI 


specific gravity of gas (Air = 1.0) 


T, = absolute temperature base of measurement (460 
+ F) 


. = absolute temperature of flowing gas (460 + F) 


P, = absolute pressure base of measurement (psia) 


P, = initial pressure (psia) 
P,, = terminal pressure (psia) 


The original formula given above agrees closely with 
metered rates of flow, but at higher pressures, error in- 
creases due to the deviation of gases from ideal gas laws. 

To compensate for this, a compressibility factor must be 
introduced. This factor is: (1 + JP,,)” 


Where: 
>] 
Me > 7, ee, 
and J= factor determined by the relationship: 
] 
(1+ JP) =— 
Z 


Weymouth’s formula, modified for supercompressibility, 
then becomes: 


di6/s V2 
O = 433:45 —* §—... P 2 — P.2)?: rs 
P. (Sr) (P,? —P,?)'* (1 + JPy)? 


[his may also be expressed as: 


T 16/3 \ % 
Q= 43348 <- € aes 
2 ? r. (Sr) 


x [P,2 (1 + % JP,) —P,? (1 + % JP,)]% 


Many individuals and companies have developed various 
methods and shortcuts for simplifying calculations of gas 
low’ using the Weymouth formula. While types of natural 
gas vary across the country, most gas companies can resolve 
the natural gas in their system into one composite. 

This allows the development of a single constant “K” 
bas d on known standards of pressure, temperature, flow- 
ing ‘emperature, and physical characteristics of the gas being 
transported, and constant values for the pressure variables 
bas-d on a specific supercompressibility factor (Z). 


Considering only the pressure variables in the formula 
and further modifying it for compressibility, we have: 


2, ee 
(2) =«@, 


where C = 433.45 — (Sit 


P27) (i+ ve 


2 P, 
(2) =@2—P.)[1 +3 (P, +P,- 54 =) | 


- (P,2 + % IJP,*) —(P,2 + % JP,») 


01% 
=) w 





For purposes of simplification, let: 


(P2 + % JP*) = P? (14+ % JP) = fP 


Q a rp ‘Pp 
(2) = fP, —fP, 


Q = C (fP, — fP,)* 


The values of fP are given in Table 1, where P (for either 
P, or P,) is given as the pressure in psig and the values of 
fp are based on absolute pressures (P + 14.73), using 
J = 0.00018 as an average for pipeline natural gases. 

Further simplification is possible by establishing K as a 
constant, using P, = 14.73 psia; T, = 520 (460 + 60); 
T = 520 (460 + 60), and S = 0.60. 


K = 433. 45. Ke 
P. = (az) 
520 | %y 
minnie: 14.73 (3 x 0) 


= 866.67 


Then: 


and, 


(If flow is to be computed for cu ft per hour, K = 36.111) 
The formula is then reduced to: 





16/3 1%, ; 
Q = 866.67 ( r ) x (fP, —fP,)% 
e 
= 866.67 75, CP, i «sw es 


; , l 
Values of d* or d?*, TL 


1, 2, and 6. 


, and fP are given in Tables 


For those desiring to establish a different value for the 
constant K, Tables 3, 4, and 5 can be used as follows: 


4 — / "ae i s I 1 \ 1 
K, = 433.45 x r, x P. * Gu * T° . (3) 
An even simpler version of the formula, suitable for of- 
fice use and preliminary design calculations can be estab- 
lished for the basic formula (without modification for 
supercompressibility) as follows: 
Q = 866.67 x ar (P,27—P,2)%. . . (4) 
Values of P,° and P,* can be obtained from Table 7, 
which gives P in psig and the squares in absolute pressures 
(P + 14.73). 
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Methods of Calculation 
Based on the preceding derivations, using Kp == 866.67 
for volume in 24 hr and Ky = 36.111 for volume in 1 hr, 
and using values from the tables the following calculations 
can be made: 


To find rate of flow (Q): 


1 , 
Quer aay = 866.67 x dX Fo~ x (FP, —£P,)% . (2) 


1 
Qher nour = 36.111 x a X Fe x (EP, —£P,)% . () 


% 
To find pipe diameter (d): 
es Qx L% 
~ 866.67 x (fP, —£P,)% 
After value of d*/* is determined, value of d can be 
read from Table 2, either directly or by extrapolation 


using two pipe sizes whose d®/* values are nearest the 
calculated figures. 


ass (6) 





To find length of line (L): 


1% — 866.67 





x d* (fP,—fP,)%. . . (7) 


After value of L’ is determined, value of L can be 
calculated simply by squaring the value of L*/?. 


To find initial pressure (P,): 


x L’* 
(fP, — £P,)% = PX = (eP,)% « §® 
fP, —fP, = fP, 
i. = fP, oh fP, 


Since P, is a known value, the value of fP,, can be found 
in Table 1. To this is added the value of fP4, determined 
by the calculation; the total equals fP,, which can be 
checked against values in Table 1 to determine the 
value of P.. 


To find terminal pressure (P.,): 


Procedure is similar to above, calculating for value of 
(fP,)%. 


Then: 

oe} A ee, 
Since P, is a known value, the value of fP, can be 
found in Table 1; from this value, subtract fP,; this 


gives the value of fP,, which can be checked against 
values in Table 1 to determine value of P.,,. 


Examples 
Example 1 


Find total flow in std cu ft of gas per day through a 20-in. 
O.D., .375-in. wall pipe 100 miles long. Inlet pressure is 
600 psia, and outlet pressure is 100 psia. 


Procedure: 
Use formula (2) 
From Table 6, d®’* for 20-in. O.D., 375-in. wall is 2662 
From Table 2, 1/L% for 100 miles is 0.10 
From Table 1, fP, (for 600 psia) is 404,850 
From Table 1, fP, (for 100 psia) is 13,264 


Then: 
Q = 866.67 x 2662 x 0.10 x (404,850 — 13,264) % 
= 234,000 x (391,586)% 
= 142,974,000 std cu ft per day 
Example 2 


Find pipe size to deliver 150,000,000 std cu ft of gas per 
day through a line 100 miles long. Inlet pressure is 600 psia; 
outlet pressure is 100 psia. 

Procedure: 

Use formula (6) 

From Table 1, fP, (for 600 psia) is 404,850 

From Table 1, fP, (for 100 psia) is 13,264 
Then: 

150,000,000 x (100)% 
866.67 x (404,850 — 13,264) % 
__ 1,500,000,000 

529,533 

3460 


ds/8 








From Table 2, select pipe sizes having a value for d** 
above 3460. Several pipe sizes meet this criteria: 


22-in. O.D., .375-in. wall — d*/? = 3464 
22-in. O.D., .344-in. wall — d*/? = 3491 
22-in. O.D., .312-in. wall — d*/? = 3519 


Obviously, 22-in. O.D. pipe will be used. Selection of the 
proper wall thickness should be made according to the ASA 
Code B 31.8 — 1958 (See Working Pressures of Pipe tables 
on following pages of Handbook.) From those tables, it is 
found that 22-in. O.D., .344-in. wall, API 5LX-42 pipe 
meets code requirements for all Type A, B, and C construc- 
tion. For Class D construction, 22-in. O.D., .375-in. wall, 
API 5LX-46 pipe should be used. 





Calculations for Complex Pipeline Systems 

Rarely does a pipeline system have but one size of pipe 
throughout its entire length. Most systems consist of sections 
of pipe of various diameters or have lines that are paralleled 
(looped) with other lines. As daily demand increases, com- 
mon practice is to parallel sections of the system with pipe 
of the same or different diameter. Extensions of existing 
systems are often constructed of pipe of different diameter 
than the original. The results of these practices — to meet 
constantly changing conditions — are complex pipeline sys- 
tems. The following formulas and calculation examples are 
commonly used with the Weymouth Formula. 

The general principle involved is to convert the various 


diameters and lengths of pipeline in a complex system to 
equivalent lengths of a common diameter or to equivalent 
diameters of a common iength. From these determinations, 
the dimensions of a single line with a delivery capacity 
equivalent to the complex system are obtained. 

In all cases, in the following formulas and examples, it 
is assumed that pressures, temperature, and specific gravity 
are constant, and that the only variables affecting volume 
of gas flowing are length and diameter of the pipeline. 
Therefore: 


d, 16/8 9 
L=L,(4)...- . a9) 
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(10) 





Where L, = the equivalent length of any pipe of length 
i., and diameter d, in terms of diameter d,. 


L 2/16 
4, = 4, (=) vik 


Where d, = the equivalent diameter of any pipe of a 
given diameter d, and the length L, in terms of any other 
length | 





In a complex system, consisting of parallel lines of the 
same length, the equivalent diameter can be used in cal- 
culating the flow of gas as follows: 


Q = 866.67 x [a (fP, —fP,)”% 
6,7" +E 9" >=. 4. Gr*) - » 
where d,, d,, ---d, are the diameters of the individual 
lines, 


The equivalent diameter, d,, of a single line that has the 
same delivery capacity as that of the parallel lines is: 


d,?/? = (d,*8 + 8/3 + d,,8/3) 


or 


d, = (d,8 +d,8/ + d,8/3)3/8 2 . (13) 


The calculated value of the equivalent diameter, d,, can 
be substituted directly into the formula for computing flow. 


Example 3 (Series System) 


Determine rate of flow in std cu ft per hour of a pipeline 
consisting of 20 miles of 14-in. OD, .375-in. wall; 20 miles 
of 16-in. OD, .375-in. wall, and 30 miles of 18-in. OD, .375- 
in. wall, connected in series. Inlet pressure is 600 psia and 
outlet pressure is 100 psia. 


Procedure: 


Having both variable lengths and diameters, the easiest 
and most practical solution is to determine the equivalent 
length of each section of the system adjusted to a common 
diameter. The system is then equivalent to a continuous line 
of one diameter with a length equal to the sum of the equiva- 
lent lengths of the various sections. 


By using the 20-mile middle section, with an internal 
diameter of 15.250-in., as the common diameter, the other 
two sections can be converted to equivalent lengths of the 
common diameter by using values of d‘*? from Table 6 as 
follows: 


The 20-mile, 14-in. OD section (13.250-in. ID) is equiva- 


lent to: 
15.250 \ 168 2,040,000 
= 27 —_— = nt dein cin 
Be . (F33s0) 0( 966,000 ) 


= 42.238 miles of 15.250-in. ID pipe 


nN 


The 30-mile, 18-in. OD section (17.250-in. ID) is equiva- 


lent to: 
15.250 \, 2°8 2,040,000 
Pee (F533) — (F5sa'000 ) 


= 15.492 miles of 15.250-in. ID pipe 


The entire system is equivalent to the sum of these lengths, 
42.238 + 15.492 + 20 = 77.73 miles of 15.250-in. ID 
pipe. The quantity of gas flowing may then be determined as 
shown in Example 1. 


Example 4 (Looped System) 


Determine rate of flow in std cu ft per hour of a pipeline 
consisting of 100 miles of 16-in. OD, .375-in. wall (15.250- 
in. ID) pipe, looped for a distance of 30 miles with 14-in. 
OD, .375-in. wall, (13.250-in. ID) pipe. Pressures, tempera- 
tures, and specific gravity are same as in Example 1. 


Procedure: 


First, convert the 30-mile looped section into a single 
line 30 miles long with a diameter equivalent to the two 
parallel lines of 15.250-in. ID and 13.250-in. ID, as follows: 


d, = (15.2508/* + 13.2508/3) % (See Table 6 for d*/* 
values) 


d, = (1430 + 983) % = 18.555-in., equivalent diameter 
of a single line 30 miles long. 


The system is now equivalent to two sections in series, one 
30 miles long of 18.555-in. ID pipe and one 70 miles long 
of 15.250-in. ID pipe. Either section can be converted to an 
equivalent length of the other section of the same diameter. 
Convert the 30-mile section of 18.555-in. ID pipe to an 
equivalent length of 15.250-in. ID pipe, as follows: 


13.2350), *** 2,040,000 
= 30 (F3335) — (Sanam) 
= 10.50 miles of 15.250-in. ID pipe, equivalent to 30 
miles of 18.555-in. ID pipe. 


L 


The complete system in terms of a single line of one 
diameter is 70 + 10.5 = 80.5 miles of 15.250-in. ID pipe. 
The quantity of gas flowing may then be determined as 
shown in Example 1. 


When a looped section consists of several lines of unequal 
length, the equivalent diameter for one of the lines is de- 
termined for a length equal to the other line, then converted 
into an equivalent single line of one diameter. 


Example 5 (Special Complex System) 


This example illustrates not only the use of the formulas 
to calculate flow in complex systems, but also points out the 
importance of connections at certain points on looped sys- 
tems. 


System being considered consists of two parallel lines 
(A and B) connected at the inlet and outlet. Line A con- 
sists of 20 miles of 16-in. OD (15.250-in. ID) followed by 
50 miles of 18-in. OD (17.250-in. ID). Line B consists of 
20 miles of 18-in. OD (17.250-in. ID) followed by 50 miles 
of 16-in. OD (15.250-in. ID) as shown below: 








_ 20 miles 7 b> 50 miles : 
15.250-in. ID | 17.250-in. ID 
“yr 

20 miles | 50 miles | 
17.250-in. ID 15.250-in. ID 
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For line A, the equivalent length in 15.250-in. ID pipe is: 


ij Sy Sn (2m 
17.250 3,950,000 


= 25.82 miles of 15.250-in. ID equivalent to 50 miles 
of 17.250-in. ID pipe. 


Line A is then equivalent to 20 + 25.82 = 45.82 miles 
of 15.250-in. ID pipe. 


For line B, the equivalent length in 15.250-in. ID pipe is: 
15.250 — 2,040,000 
(3330) or: ee (550000) 


= 10.328 miles of 15.250-in. ID equivalent to 20 
miles of 17.250-in. ID pipe. 


Line B is then equivalent to 50 + 10.328 = 60.328 miles 
of 15.250-in. ID pipe. 

The entire system is now the equivalent of two looped 
lines of the same diameter (15.250-in. ID), one of 45.82 
miles and one of 60.328 miles. Next step is to determine 
equivalent diameter of one of the lines when made equiva- 
lent in length to the other; the 45.82 miles of 15.250-in. ID 
pipe is the same as 60.328 miles with an equivalent diameter 
of: 


60.328 


a= 152 
: ste (a 


8/16 
) = 16.06-in. ID 


The equivalent system now consists of two looped lines 
each 60.328 miles long, one of 16.06-in. ID and one of 
15.250-in. ID. The equivalent of this system is further re 
duced to one line, 60.328 miles long, with a common diam. 
eter: 


d, = (16.0688 + 15.250%/*)% = 20.313-in. ID 


The system now equals a single line, 60.328 miles long 
with a diameter of 20.313-in. 

If a connection were made at point “X” in the diagram 
the system would then be equivalent to two looped lines 
both 70 miles long, one with a diameter of 15.250-in. and 
one with a diameter of 17.250-in. The equivalent diamete: 
of these two looped lines would then be: 


d, = (15.2508? + 17.2508) % = 21.141-in. ID 


With the connection at “X,” the system becomes equiva- 
lent to a single line of 70 miles length having a diameter of 
21.141-in. ID. For purposes of comparison to the same 
system without the connection, this 70 miles of 21.141-in. 
ID pipe is equivalent to 60.328 miles of 


3/16 

d, = 21.141 ( — ) = 20.837-in. ID pipe. 

Thus it can be seen that the advantage in connecting the 
system at point “X” is the increased delivery capacity of a 
line 60.328 miles long of 20.837-in. ID compared to the 
same length of line (without connection) with an internal 
diameter of 20.313-in. ID., assuming that all other factors 
influencing the flow are the same in both lines. 





PARALLEL PIPELINE SYSTEMS 


Where a pipeline system has but a single line, small 
increases in demand can usually be met by increasing 
operating pressures. Any great increase, however, requires 
“looping” or paralleling sections of the existing system. 

In the following, the lines are defined as “original line” 
and “parallel line.” The parallel line may or may not extend 
the entire length of the original line. Both ends of the parallel 
line, however, are connected to the original line. 

The formulas given below are derived from the Wey- 
mouth Formula and were developed to aid in designing 
parallel systems. 

The formulas are applicable under the conditions that 
whenever a section of the original line is paralleled, the 
temperature and specific gravity of the gas and pressures at 
the inlet and outlet ends of the original line are the same as 
they were before paralleling. 

In all the formulas given below, the following definitions 
apply: 


X = portion of the original line length that is to be 
paralleled; this is expressed decimally. 


d = internal diameter of original line in inches 
d, = internal diameter of parallel line in inches 


Q = rate of flow through system before paralleling at 
specified conditions of pressure and temperature 


Q, = rate of flow through the system after paralleling, at 
specified conditions of pressure and temperature 


The first formula is used to determine what portion of the 
entire length of the line must be paralleled with the same 
or different diameter pipe to increase the volume of flow to 
the desired amount: 


(a) - 
x. = — .Q,, 
ee Tap 
1 d, g/n r 
-(3) . . ri P (14) 


This formula can also be arranged to determine the 
volume flowing through a system for any value of X (per- 
cent of original line length parallel) for any diameter pipe: 


Q 


Q, ie a eninge 


l 
arid 


a a \ “Bieta inthe 
ds : 1 218 


The formula can also be arranged to determine the diam- 
eter required for the parallel line to provide a given amount 
of gas flow for a given portion (X) of the original line 
paralleled. 


d 4 My = % 


aa 
(S)-1+% re yw 41g 
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When the value of X is 1 (whenever the entire length of 
ihe original line has been paralleled), the following relation- 


ship may be used: 
Q, he 
—t= ee I 
ot 


When the diameters of the original and parallel lines are 
the same, the formulas simplify to: 


=. ey 
x= +[1-(S) | oa 


and 


; = oe 19 
Q (4-—3X)%° _ 


Example 6 


Given: A pipeline, 100 miles long, 22-in. OD pipe, .375- 
in. wall (21.250 ID) delivering 150,000,000 std cu ft of gas 
per day. It is desired to increase delivery by 33 percent (to 
200,000,000 std cu ft per day) by paralleling with 20-in. 
OD pipe (19.250-in. ID), while maintaining the same inlet 
and outlet pressures. Find length of original line that must 
be paralleled: 


150,000,000 \ ? 
“—— 200, sc 000 


[ ‘Gs = Y) 


— .43750 


it Coan on ee 
cs 


Since X = .643, the delivery capacity can be increased 
from 150,000,000 to 200,000,000 cu ft by paralleling 64.3 
percent of the original line (64.3 mile) using 20-in. OD pipe 
of .375-in. wall (19.250-in. ID). 


Example 7 


Given: A 50-mile, 16-in. OD pipeline (15.250-in. ID) 
delivering 100,000,000 cu ft of gas per day. If 20 miles of 
the original length is paralleled with 18-in. OD pipe (17.250- 
in. ID) find delivery of system after paralleling. 


j 100,000,000 
), 
0.4 17.250\ “| = - a 
i Be — 
15.250 
100,000,000 100,000,000 
~ (— 3302 + 1)% 8184 


122,200,000 cu ft of gas per day 


De very would then be increased by 22.2 percent. 
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Example 8 


Given: A pipeline 60 miles long, 18-in. OD, (17.250-in. 
ID) delivering 90,000,000 cu ft of gas per day. If delivery 
is to be increased 50 percent (to 135,000,000 cu ft per day) 
by paralleling 45 miles (75 percent) of the original line 
length, and maintaining the same inlet and outlet pressures, 
what diameter pipe would be required for the parallel line? 


[ 0.75 4 1\* 
90,000,000 \ = Pra : 
| | 135:000,000) ~ !- + © 


(1.962 —1)% = .9816 


I 


From this, d, = 17.250 x .9816 = 16.92-in. ID, the pipe 
size that would be required. In actual design, 18-in. OD 
pipe would be used with wall thickness to withstand line 
pressure with a reasonable safety factor. 


STORAGE CAPACITY OF PIPELINES 


The volume of gas that can be stored in a line is obtained 
by use of the equation: 


eee uk ee 


Where: 


d = inside diameter of line in inches 


—_— 
if 


length of line in miles 


P,,, = mean line pressure, psi 


w 
| 


1\% 
= (7) supercompressibility factor for a gas of 


given specific gravity at given temperature (ob- 
tain Z from Tables in this handbook). 


Che value of P,,, can be found from the equation: 


Pp . : i cheer P,P, 
eee hed ae a | 


Where: 
P, = inlet pressure, psia 


P, = outlet pressure, psia 


Through the use of Equation 20, the total quantity of gas 
in a line at a constant rate of flow (when input just equals 
discharge) can be quickly calculated. 

To calculate the quantity of gas that can be stored (or 
withdrawn from storage) between the period of low flow 
and the period of high flow, it is necessary only to find V, 
(volume during low flow) by using the low flow pressures 
in the P,, calculation and to find V, (volume during high 
flow) by using the high flow pressures in the P,, calculation. 
The difference between the two is the storage capacity of 
the line. 


29 
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TABLE 1. Values in thousands 
Pressure 
psi-Gage 
(P; or P2) 0 1 2 3 4 5 6 7 8 9 

0 20771 23759 = / 26948 30338 33930 37722 41716 45912 50309 54907 

10 59707 64709 69913 75319 80926 86736 92748 98961 1.0538 1.1200 

20 1. 1882 1.2584 1 3306 1. 4049 1.4812 1. 5596 1.6399 1.7223 1 8068 1 8932 

30 1.9817 2.0722 2 1648 2. 2593 2.3559 2 4546 2. 5553 2. 6580 2.7627 2.8695 

40 2 9784 3.0892 3.2021 3.3171 3.4341 3.5531 3.6742 3.7973 3.9224 4 0496 

50 4.1789 4.3102 4 4435 4.5789 4.7163 4 8558 4.9973 5.1409 5 2865 5.4342 

60 5.5840 5.7357 5. 8896 6.0455 6.2034 6.3634 6.5255 6.6896 6 8558 7.0240 

70 7.1943 7.3666 7.5410 7.7175 7.8961 8 0767 8 2593 8.4441 8.6308 8.8197 | 
80 9.0106 9.2031 9 3987 9 5958 9 7950 9 9962 10. 200 10. 405 10.612 10.822 } 
90 11.034 11.247 11. 463 11.681 11.901 12.123 12.347 12.573 12 801 13.032 
100 13.264 13.498 13.735 13.974 14.214 14.457 14.702 14.949 15.198 15.449 
110 15.702 15.958 16.215 16 475 16.736 17.000 17.266 17.534 17.804 18.076 j 
120 18.350 18. 626 18 904 19.185 19. 467 19.752 20.039 20.328 20 618 20.912 | 
130 21.207 21.504 21.803 22.105 22.408 22.714 23 .022 23.331 23 643 23.958 
140 24.274 24.592 24.912 25.235 25.560 25.886 26.215 26 546 26.879 27.214 
150 27.552 27.891 28.233 28.576 28 .922 29.270 29 620 29.9 2 30.326 30.683 
160 31.041 31.402 31.765 32.130 32.496 32.866 33 . 237 33.610 33.986 34.363 
170 34.743 35.125 35.509 35 895 36. 286 36.674 37.067 37.461 37.858 38.257 
180 38.658 39.062 39.467 39.874 40.274 40. 696 41.110 41.526 41 944 42.364 
190 42.787 43.212 43.638 44.067 44.498 44.932 45 367 45. 805 46.244 46. 686 
200 47.130 47.576 48 025 48.475 48 928 49 382 49.839 50.298 50.760 51.223 
210 51.689 52.156 52.626 53.098 53.572 54.049 54.527 55.008 55.491 55.976 
220 56.463 56.952 57.444 57.938 58.433 58.931 59.432 59. 934 60.438 60.945 
230 61.454 61.965 62.478 62.994 63.511 64.031 64.553 65.077 65.603 66.132 
240 66.662 67.195 67.730 68 . 267 68. 806 69.348 69. 892 70.438 70.986 71.536 
250 72.088 72.643 73.200 73.759 74.320 74.884 75.449 76.017 76.587 77.159 
260 77.733 78.310 78.889 79.470 80.053 80.638 81.226 81.815 82.407 83.001 
270 83.598 84.196 84.797 85.400 86.005 86.612 87.221 87.834 88 448 89 064 
280 89.682 90.303 90.926 91.550 92.178 92.807 93.439 94.073 94.709 95.347 
290 95.988 96.630 97.275 97.922 98.572 99 223 99.877 100.53 101.19 101.85 
300 102.51 103.18 103. 85 104.52 105.19 105. 86 106.54 107.22 107.90 108.58 
310 109.26 109.95 110.64 111.33 112.02 112.72 113.42 114.12 114.82 115.53 
320 116.24 116.94 117.66 118.37 119.09 119.80 120.53 121.25 121.97 122.70 
330 123.43 124.16 124.90 125.63 126.37 127.11 127.86 128.60 129.35 130.10 
340 130. 85 131.61 132.36 133.12 133.88 134.65 135.41 136.18 136.95 137.72 
350 138.50 139.27 140.05 140.83 141.62 142.40 143.19 143.98 144.78 145.57 
360 146.37 147.17 147.97 148.77 149.58 150.39 151.20 152.01 152.83 153.64 
370 154.46 155.29 156.11 156.94 157.77 158.60 159.43 160.27 161.11 161.95 
380 162.79 163.64 164.48 165.33 166.18 167.04 167.89 168.7 169.61 170.48 
390 171.34 172.21 173.08 173.95 174.83 175.70 176.58 177.47 178.35 179.24 
400 180.12 181.01 181.91 182.80 183.70 184.60 185.50 186.41 187.31 188.22 
410 189.14 190.05 190.96 191.88 192.80 193.73 194.65 195.58 196.51 197.44 
420 198.17 199.31 200.25 201.19 202.14 203.08 204.03 204.98 205.93 206.89 
430 207.85 208.81 209.77 210.73 211.70 212.67 213.64 214.62 215.59 216.57 
440 217.55 218.53 219.52 220.51 221.50 222.49 223.48 224.48 225.48 226.48 
450 227 .48 228.49 229.50 230.51 231.52 232.54 233.56 234.58 235.60 236.63 
460 237.65 238.68 239.72 240.75 241.79 242.82 243. 87 244.91 245.96 247.00 
470 248.06 249.11 250.16 251.22 252.28 253.34 254.41 255.48 256.54 257 .62 
480 258.69 259.77 260.85 261.93 263.01 264.10 265.18 266.28 267.37 268. 46 
490 269.56 270.66 271.76 272.87 273.95 275.09 276.20 277.31 278.43 279.55 
500 280. 67 281.79 282.92 284.05 285.18 286.31 287.45 288.58 289.72 290. 87 
510 292.01 293.16 294.31 295.46 296.62 297.76 298 93 300.09 301.26 302.42 
520 303.59 304.76 305.94 307.11 308.29 309.47 310.65 311.84 313.03 314.22 
530 315.41 316.60 317.80 319.00 320.20 321.41 322.62 323. 82 325.04 326.25 
540 327.47 328.68 329.91 331.13 332.36 333.58 334.82 336.05 337. 28 338.52 
550 339.76 341.00 342.25 343.50 344.75 346.00 347 25 348 51 349.80 351.03 
560 352.30 353.56 354.83 356.10 357.38 358.66 359.94 361.22 362.50 363.79 
570 365.07 366.36 367 . 66 368.95 370.25 371.55 372.86 374.16 375.47 376.78 
580 378.09 379.41 380.72 382.04 383 . 37 384.69 386.02 387.35 388.68 390.01 
590 391.35 392.69 394.03 395.38 396.72 398.07 399.42 100.78 402.13 403.49 
600 404.85 406 22 407 58 408 95 410.32 411.70 413.07 414.45 415.83 417.21 
610 418 60 419.99 421.38 422.77 424.17 425.56 426.96 428 37 429.77 431.18 
620 432.59 434.00 435.42 436.84 438 26 439 68 441.10 442 53 443.96 445.39 
630 446 83 448.26 449 70 451.14 452.59 454.04 455.48 456.94 458.39 459.85 
640 461 31 462.77 464.23 465.70 467.17 468 64 170.11 471.59 473.07 474 55 
650 476.03 477 52 479 O01 480.50 481.99 483.49 484.99 486.49 487.99 489.50 
660 491.01 492 52 494.03 495.55 497 07 498.59 500.11 501.64 503.17 504.70 
670 506. 23 507.77 509 30 510.85 512.39 513.94 515.48 517.03 518.59 520.14 
680 521.70 523.26 524.82 526.39 527 .96 529.53 531.10 532.68 534.26 535.84 
690 537.42 539.01 540.60 542.18 543.78 545.37 546.97 548.57 550.18 551.78 
700 553 39 555.00 556.61 558.23 559.85 561.47 563.09 564.72 566.35 567.98 
710 569.61 571.25 572.88 574.53 576.17 577 .82 579.46 581.11 582.77 584.42 
720 586.08 587.74 589.41 591.07 592.74 594.41 596.09 597.76 599.44 601.12 
730 602.80 604.49 606.18 607 . 87 609.56 611.26 612.96 614.66 616.37 618.07 
740 619.78 621.49 623.21 624.92 626.64 628.36 630.09 631.82 633.54 635.28 
750 637.01 638.75 640.49 642. 23 643.97 645.72 647.47 649.22 650.98 652.74 
760 654.49 656 . 26 658 . 02 659.79 661.56 663 .33 665.11 666 &8 668 . 66 670.45 
770 672.23 674.02 675.81 677.60 679.40 681.20 683.00 684.80 686.61 688 . 42 
780 690.23 692.04 693. 86 695.68 697.50 699.32 701.15 702.98 704.81 706.64 
790 708 48 710.32 712.16 714.00 715.85 717.70 719.55 721.40 723.26 725.12 
800 726.98 728.85 730.72 732.59 734.46 736.34 738.21 740.09 741.98 743.86 
810 745.75 747.64 749.53 751.43 753.33 755.23 757.13 759.04 760.95 762.86 
820 764.77 766.69 768.61 770. 53 772.45 774.38 776.31 778.24 780.18 782.12 
830 784.06 786.00 787.94 789.89 791.84 793.79 795.75 797.71 799.67 801.63 ; 
840 803 60 805.56 807.54 809.51 811.49 813.46 815.45 817.43 819.42 821.41 q 
850 823.40 825.39 827.39 829 39 831.39 833.40 835.41 837.42 839.43 841.44 4 
860 843.46 845.48 847.51 849.54 851.56 853.59 855.63 857 .66 859.70 861.74 re 
870 863.79 865.84 867.88 869.93 871.99 874.05 876.11 878.17 880.24 882.31 
880 884.38 886.45 888 53 890.60 892.69 894.77 896.86 898.95 901.04 903.13 
890 905.23 907 33 909 43 911.54 913.64 915.75 917.87 919 98 922.10 924.22 
900 926.34 928 47 930. 60 932.73 934.86 937.00 939.14 941.28 943.43 945.58 
910 947.72 949 88 952.03 954.19 956.35 958.51 960.68 962.85 965. 02 967.19 
920 969.37 971.55 973.73 975.92 978.10 980.29 982.49 984.68 986.88 989 08 
930 991.28 993 49 995.70 997.91 1000.1 1002.3 1004.6 1006.8 1009.0 1011.2 
940 1013.5 1015.7 1017.9 1020.2 1022.4 1024.6 1026.9 1029.1 1031.4 1033.6 
950 1035.9 1038 2 1040.4 1042.7 1045.0 1047.2 1049.5 1051.8 1054.0 1056.3 4 
960 1058.6 1060.9 1063.2 1065.5 1067.8 1070.1 1072.4 1074.7 1077.0 1079.3 : 
970 1081.6 1083.9 1086.2 1088.6 1090.9 1093.2 1095.5 1097.8 1100.2 1102.5 q 
980 1104.9 1107.2 1109.5 1111.9 1114.2 1116.6 1118.9 1121.3 1123.6 1126.0 ; 
490 1128 4 1130.8 1133.1 1135.5 1137.9 1140.2 1142.6 1145.0 1147.4 1149.8 

— 
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TABLE 1. 





(continued) Values of fP in 


thousands 











0.613 


Pressure 
psi-Gage 
(P; or P2) 0 1 2 3 
1000 1152.2 1154.6 1157.0 1159.4 
1010 1176.2 1178.7 1181.1 1183.5 
1020 1200 6 1203.0 1205.5 1207.9 
1030 1225 2 1227.7 1230.2 1232 6 
1040 1250.1 1252.6 1255.1 1257 6 
1050 1275.2 1277.8 1280 3 1282.8 
1060 1300.7 1303.2 1305.8 1308.4 
1070 1326.4 1329.0 1331.6 1334.2 
1080 1352.4 1355.0 1357.6 1360.2 
1090 1378.6 1381.3 1383.9 1386.6 
1100 1405.2 1407.8 1410.5 1413.2 
1110 1432.0 1434.7 1437.4 1440.1 
1120 1459.1 1461.8 1464.6 1467.3 
1130 1486.5 1489 2 1492.0 1494.8 
1140 1514.2 1517.0 1519.7 1522.5 
1150 1542.1 1544.9 1547.7 1550 6 
1160 1570.3 1573.2 1576.0 1578.9 
1170 1598.8 1601.7 1604.6 1607.5 
1180 1627.6 1630.5 1633.4 1636.3 
1190 1656.7 1659 6 1662.6 1665.5 
1200 1686.1 1689.1 1692.0 1695.0 
1210 1715.8 1718.7 1721.7 1724.7 
1220 1745.7 1748.7 1751.7 1754.7 
1230 1775.9 1779.0 1782.0 1785.0 
1240 1806.4 1809 5 1812.6 1815.6 
1250 1837 .2 1840.3 1843 4 1846.5 
1260 1868 3 1871.4 1874.6 1877.7 
1270 1899.7 1902.8 1906 0 1909 2 
1280 1931.4 1934.6 1937.8 1940.9 
1290 1963.3 1966 6 1969.8 1973.0 
1300 1995.6 1998 8 2002.1 2005.3 
1310 2028.1 2031.4 2034.7 2038.0 
1320 2061.0 2064.3 2067 .6 2070.9 
1330 2094.1 2097.5 2100.8 2104.1 
1340 2127.5 2130.9 2134.3 2137.6 
1350 2161.3 2164.7 2168.1 2171.5 
1360 2195.3 2198.7 2202.2 2205.6 
1370 2229.6 2233.1 2236.6 2240.0 
1380 2264.3 2267.8 2271.2 2274.7 
1390 2299.2 2302.7 2306.2 2309.7 
1400 2334.4 2338.0 2341.5 2345.0 
1410 2369.9 2373.5 2377.1 2380.6 
1420 2405.8 2409.4 2413.0 2416.6 
1430 2441.9 2445.5 2449.1 2452.8 
1440 2478.3 2482.0 2485.6 2489.3 
1450 2515.0 2518.7 2522.4 2526.1 
1460 2552.1 2555.8 2559.5 2563.2 
1470 2589.4 2593.1 2596.9 2600.6 
1480 2627.0 2630.8 2634.6 2638.4 
1490 2665.0 2668.8 2672.6 2676.4 
TABLE 2. Values of Li 
Miles 0 l 2 3 4 5 6 7 8 
1.0000 0.7071 0.5773 0.5000 0.4472 0.4082 0 3780 
10 0.3162 .3015 .2887 .2773 .2673 .2582 .2500 .2425 2357 
20 .2236 .2182 .2132 .2085 .2041 .2000 1961 .1924 1890 
30 .1826 .1796 1768 1741 1715 1690 1667 1644 1622 
40) 1581 .1562 .1543 .1525 .1508 .1491 .1474 .1459 .1443 
50 .1414 .1400 .1387 .1374 .1361 .1348 .1336 .1325 .1313 
60 1291 1280 1270 1260 1250 1240 1231 1222 1213 
70 1195 1187 1179 1170 1162 1155 1147 1140 1132 
80 1118 .1111 .1104 .1098 .1091 .1085 .1078 .1072 .1066 
90 1054 .1048 1043 1037 1031 1026 1021 1015 1010 
Miles 0 10 20 30 40 50 60 70 80 
100 0.1000 0.0953 0.0913 0.0877 0.0845 0.0816 0.0791 0.0767 0.0745 
200 0707 .0690 .0674 .0659 .0645 .0632 (0620 .0609 0598 
300 0577 + .0568 .0559 .0550 .0542 .0535 .0527 .0520 0513 
100 0500 .0494 .0488 (0482 .0477 .0471 (0466 (0461 0456 
500 0447 — . 
TABLE 3. Values of G" 
G 1/G *s G 1/G' G 1 
) 600 1.2910 0.607 1. 2835 0.614 l 
) 601 1, 2899 0. 608 1. 2825 0.615 | 
).602 1.2888 0. 609 1.2814 0 616 l 
). 603 1.2878 0.610 1.2804 0.617 l 
).604 1, 2867 0.611 1.2793 0.618 1 
). 605 1. 2857 0.612 1.2782 0.619 1 
1,606 1.2846 1.2772 0 620 1 
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1772 
1803 
1834 
1865 
1896 
1928 
1960 
1992 
2024 
2057 
2090 
2124 
2157 
2191 
2226 
2260 
2295 
2330 
2366 
2402 
2438 
2474 
2511 
2548 
2585 
2623 
2661 
2699 
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OOK "IS Iw 


1 


Po 


0.060514 
0 060060 
0.059612 
0.059172 


0.058737 
0.058309 
0.057887 
0.057471 


1/T* 


043437 
043396 
043356 
043315 
043274 
043234 
043193 
043153 
043113 


5 6 7 8 
1164.2 1166.6 1169.0 1171.4 
1188.4 1190.8 1193.2 1195.7 
1212.8 1215 3 1217.8 1220.2 
1237.6 1240.1 242 6 1245.1 
1262.6 1265.1 1267 7 1270.2 
1287.9 1290.5 1293 0 1295 6 
1313.5 1316.1 1318.6 1321.2 
1339.4 1342.0 1344.6 1347.2 
1365.5 1368.1 1370.7 1373.4 
1391.9 1394.5 1397.2 1399.9 
1418.6 1421.2 1423.9 1426 6 
1445.5 1448.2 1451.0 1453.7 
1472.8 1475.5 1478.3 1481.9 
1500.3 1503.1 1505.8 1508 6 
1528.1 1530.9 1533.7 1536.5 
1556.2 1559.0 1561.8 1564.7 
1584.6 1587.4 1590.3 1593.1 
1613.2 1616.1 1619.0 1621.9 
1642 2 1645.1 1648.0 1650.9 
1671.4 1674.3 1677.3 1680 2 
1700.9 1703.8 1706.8 1709.8 
1730.7 1733.7 1736.7 1739.7 
1760.8 1763.8 1766 8 1769.8 
1791.1 1794.2 1797 .2 1800.3 
1821.8 1824.9 1828.0 1831.0 
1852.7 1855.8 1859.0 1862.1 
1884.0 1887.1 1890.3 1893.4 
1915.5 1918.7 1921.8 1925.0 
1947.3 1950.5 1953.7 1956.9 
1979.4 1982.7 1985 9 1989.1 
2011.8 2015.1 2018.4 2021.6 
2044.5 2047.8 2051.1 2054.4 
2077.5 2080.8 2084.2 2087.5 
2110.8 2114.2 2117.5 2120.9 
2144.4 2147.8 2151.2 2154.5 
2178.3 2181.7 2185.1 2188.5 
2212.4 2215.9 2219.3 2222.8 
2246.9 2250.4 2253.8 2257.3 
2281.7 2285.2 2288 .7 2292.2 
2316.8 2320.3 2323.8 2327 .3 
2352.1 2355.7 2359.2 2362.8 
2387.8 2391.4 2395.0 2398.6 
2423.8 2427.4 2431.0 2434.6 
2460.0 2463.7 2467.3 2471.0 
2496.6 2500.3 2504.0 2507 .6 
2533.5 2537 .2 2540.9 2544.6 
2570.7 2574.4 2578.2 2581.9 
2608 2 2611.9 2615.7 2619.5 
2646.0 2649.8 2653.6 2657.4 
2684.1 2687.9 2691.7 2695.6 

TABLE 4. Values of P. 

Po 1/Po Po 1/Po Po 
14.525 0.068847 15.400 0.064935 16.525 
14.650 0.068259 15.525 0.064412 16.650 
14.730 0.067889 15.650 0.063898 16.775 
14.775 0.067682 15.775 0.063391 16. 900 
14.900 0.067114 15.900 0.062893 17.025 
15.025 0.066556 16.025 0.062403 7.150 
15.150 0.066007 16.275 0.061444 17.275 
15.275 0. 065466 16. 400 0.060976 17.400 
1 , 
TABLE 5. Values of TY for various 
values of T (where T= 460 + t) 

t 1/T's t 1/T's t 1/T*% 
40 0.044721 50 0.044281 60 0 043853 
4} 0.044676 51 0.044237 61 0.043811 
42 0.044632 §2 0.044194 62 0.043769 
43 0 044588 53 0 044151 63 0.043727 
44 0.044544 54 0.044108 64 0 043685 
45 0.044499 55 0 044065 65 0 043644 
46 0. 044455 56 0. 044023 66 0 043602 
47 0 044412 57 0. 043980 67 0.043561 
48 0 044368 58 0.043938 68 0 043519 
40 0 044324 59 0 043895 69 0.043478 
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043073 
043033 
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Diameters 
Out- In- 
side side 

D 
Ins Ins 
3.500 3.250 
3.500 3.188 
3.500 3.124 
3.500 3.068 
3.500 3.000 
3.500 2 938 
4.000 3.750 
4.000 3.688 
4.000 3.624 
4.000 3.500 
1 000 3.438 
4.500 4.250 
4.500 4.188 
4.500 4.124 
4.500 4.062 
4.500 4.026 
4.500 4.000 
4.500 3.938 
4 500 3.876 
5.563 5.251 
5 563 5.187 
5.563 5.125 
5. 563 5.047 
5.563 5.001 
5.563 4.939 
5.563 4. 87! 
6.62 6.249 
6.625 6.187 
6.62 6.12. 
6.625 6.065 
6.625 6.001 
6.625 5.937 
6.625 5.875 
8.625 8.249 
8 625 8.187 
8.625 8.125 
8 625 8.071 
8 625 8.001 
8 625 7.981 
8.625 7.937 
8 625 7.87 
8 62 7.749 
10.750 10.37 
10.750 10.312 
10.750 10.250 
10.750 10.192 
10.750 10.136 
10.750 10.062 
10.750 10.020 
10.750 9.874 
12.750 12.312 
12.750 12.250 
12.750 12.188 
12.750 12.126 
12.750 12.090 
12.750 12.062 
12.750 12.000 
12.750 11 874 
14.000 13.500 
14.000 13.438 
14.000 13.376 
14.000 13.312 
14.000 13, 250 
14.000 13.124 
14 000 13.000 


essences 


TABLE 6. Values of d* 


Weight 
per Wall 
foot thick- 
plain ness 
ends t 
Lbs. Ins. 
4 51 125 
5 58 156 
6.63 188 
7.58 216 
8 68 250 
9 67 281 
5.17 125 
6.41 . 156 
7.63 188 
10.01 250 
11.17 281 
5.84 125 
7.25 156 
8.64 188 
10.00 219 
10.79 237 
11.35 250 
12.67 281 
13.98 312 
9.02 156 
10.76 188 
12.49 219 
14.62 258 
15.87 281 
17.52 .312 
19.16 344 
12.89 . 188 
14.97 219 
17.02 250 
18.97 280 
21.07 312 
23.06 344 
25.03 375 
16.90 188 
19.64 219 
22.36 250 
24.70 277 
27.74 312 
28.55 322 
30.40 344 
33.04 375 
38.26 438 
21.15 188 
24.60 219 
28.04 250 
31.20 279 
34.24 307 
38.20 344 
40.48 365 
48.19 138 
29.28 219 
33.38 250 
37.45 281 
41.51 312 
43.77 330 
45.55 344 
19 56 375 
57.53 438 
36.71 250 
41.21 281 
45.68 312 
50.14 344 
54.57 375 
63.37 438 


dé 


363x108 
329 
298 
272 
243 
219 


742 
682 
625 
525 
480 


387 
288 
193 
106 
058 
024 
947 
875 


tt pt pt 


992 
755 
536 
275 
128 
939 
753 


hone wo eo Se 


9.529 
066 
620 
206 
782 
376 
999 


P“3I-IWwWso 


382x105 
368 
354 


202x105 
166 
131 
100 
070 
031 
010 
939 


829 
759 
689 
622 
583 
553 
488 
360 


NMmwmenmwnwnwr 


484 
382 
282 
181 
O84 
3.893 
3.713 


oe oe he oe 


~ 


a 


d’/3 


232x10? 
220 


209 
199 
187 


177 


339 
325 
310 
282 
269 


474 
456 
437 
420 
410 
403 
387 
371 


833 
806 
781 
749 
731 


235 


512x108 


504 
196 
488 
481 
472 
467 
449 


030 
021 
008 
995 
983 
958 
934 


ns 


ee 


— tt het pet pet ND 


= OVI Do 


=: 





d!6/; 


537x108 
485 
435 
395 
350 
314 


152 
054 
960 


246 
077 
913 
764 
683 
626 
496 
374 


939 
500 
096 
617 
349 
005 
669 


755x104 
64 


577 
497 
414 
336 


263 


772x105 
741 
712 


687 


656 
647 


NNN ho wrwr 


6 
6 
6 
6 
5 


Crore 


628 
603 
553 


620x106 
538 
458 
384 
315 
227 
178 
O14 


533 
359 
189 
023 
928 
856 
697 
385 


068x108 
042 
016 
991 
966 
918 
873 


Diameters 
Out- In- 
side side 
D d 
Ins Ins 
| 
16.000 15.500 
16.000 15.438 
16.000 15.376 
16.000 15.312 
16.000 15. 250 
16.000 15.124 
16 000 15. 000 
18.000 17.500 
18.000 17.438 
18.000 17.376 
18.000 17.312 
18.000 17.250 
| 18.000 17 124 
18.000 17.000 
| 20.000 19.500 
| 20.000 19. 438 
| 20.000 19.376 
| 30000 19 319 
| 20.000 19.250 
20.000 19.124 
| 20.000 19 000 
| 
| 22.000 21.376 
| 22.000 21 312 
22.000 21.250 
22.000 21.124 
22 000 21 000 
24.000 23.376 
| 24.000 23 312 
24.000 23.250 
24.000 23.124 
| 24.000 23.000 
| 26.000 25.376 
| 26.000 25. 250 
| 26.000 25 194 
| 26.000 25 000 
| 
| 28.000 27.376 
| 28.000 27250 
| 28.000 27 124 
| 28.000 27.000 
28.000 26.874 
30.000 29.376 
30.000 29. 250 
30.000 29.124 
| 30.000 29.000 
30.000 28 874 
| 32.000 31.376 
32.000 31.250 
32.000 31.124 
32.000 31.000 
32.000 30.874 
34.000 33.376 
| 34.000 33.250 
| 34.000 33.124 
34.000 33.000 
34.000 32.874 
36.000 35.376 
36.000 35.250 
36.000 35.124 
36.000 35.000 


36 


000 


Weight 


per 
foot 
plain 


en 
Lk 


91 
104 


100 
114 


ds 


8 


38 
51 
61 
75 
81 


06 


86.85 


94 
110 


12! 


85.7% 


102 
119 
136 


92 


110 


128.7 
146.8 


164 


118.6 


138 
157 
176 


105.7 


126 
147 


168.2 


188 


119 
142 
166 
189 
212 


62 
10 
49 


63 
44 
17 


43 
67 


3.82 


89 
88 


11 
68 
17 
57 
89 


Wall 
thick- 
ness 
t 

Ins 


250 
281 
312 
344 
375 
138 
500 


375 


500 


312 
344 
375 
438 
500 


312 
344 
375 
438 
500 


.312 
375 
438 
500 


312 
375 
.438 
500 
563 


312 
375 
438 
500 
563 


312 
375 
438 
500 
563 


hobo ho ho PON RS el ed 


oom be oe te 


6 
6 
6 
6 
6 


10 
10 
10 

9 


ho to bobo te ho NO DO OD el el 


OS Oo GS 


oe 


moo oe 
es “s 


and other data for API Pipe 





| 

ee 
d5 d8/3 dié/, 
895x10¢ 1.494 223x107 
877 1.478 218 
859 1. 462 214 
842 1. 446 209 
825 1.430 204 
791 1.399 196 
759 1 368 187 
641 2.064 126 
612 2.045 418 
584 2.026 410 
555 2.006 402 
527 1. 987 395 
473 1.948 380 
420 1.911 365 
820 2.755 759 
775 2.732 746 
731 2.708 734 
686 2.684 721 
643 2.662 708 
558 2.615 684 
476 2.570 661 
463x106 3. 519x108 1. 239x10 
397 3.491 1.219 
333 3.464 1.200 
206 3.410 1.163 
O84 3.357 1.127 
980 4.467 1.996 
885 4.435 1 967 
794 4. 403 1.939 
612 4.340 1 884 
436 4 27 1. 830 
522 5. 560 3.092 
264 5. 487 3.011 
010 5.415 2.932 
766 5.344 2.856 
538x107 681x104 463x108 
503 672 452 
468 . 664 441 
435 . 656 430 
402 648 420 
188 . 822 675 
141 .812 660 
095 803 645 
051 .794 630 
007 786 616 
O41 079 959 
980 969 939 
921 958 919 
863 948 RU9 
805 938 880) 
142 1.155 1.334 
064 1.143 I. 307 
988 1.132 1.281 
914 1.120 1.255 
839 1.109 1.230 
40 1 349 1.819 
442 1.336 1.784 
346 1.323 1.751 
252 1.311 1.718 
158 1 298 1 685 
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TABLE 7. Values of P (in psig) and P. (where P. = psig + 14.73) 

P 0 1 2 3 { 5 b j . 9 

0 217 247 80) 14 51 580 130 172 517 563 
10 612 662 714 769 825 884 944 1007 1071 1138 
20 1206 1277 1349 1424 1500 1578 1659 1741 1826 1912 
30 2001 2091 2184 2278 2375 2473 2574 2676 2780 2887 
40 2995 $106 3218 3333 3440 3568 3688 3811 3935 4062 
50 1190 1320 4455 1587 1724 {862 5003 5145 5290 5436 
60 5585 5735 5887 6042 H198 6357 6517 6680 6844 7011 
70 7174 7350 7522 7697 7873 8051 8232 S414 8599 8785 
SU S974 9164 9357 9551 9748 9946 10,147 10,349 10,553 10,760 
90 10,968 11,179 11,391 11,606 11,822 12,041 12,261 12,484 12,708 12,935 
P 0 10 20 30) 40 50 60 70 80 90 
100 13,163 15,558 18,152 20,947 23,941 27,136 0,531 34,125 37,920 41,914 
200 16,109 50,504 55,098 59,893 64,887 70,135 75,477 81,071 86,866 92,860 
300 99,055 105,450 112,044 118,839 125,833 133,028 140,423 148,017 155,812 163,806 
100 172,001 180,396 188,990 197,785 206,779) 215,974 225,360 234,963 244,758 254,752 
500 264,947 275,342 285,936 296,731 307,725 318,920 330,315 341,909 353,704 365,698 
600 377,893 390,288 $02,882 $15,677 428,671 141,866 $55,261 168,855 182,650 496,644 
700 510,839 525,234 539,828 554,623 569,617 584,812 600,207 615,801 631,596 647,590 
800 663,785 680,180 696,774 713,569 730,563 747,758 765,153 782,747 800,542 818,536 
900 836,731 855,126 873,720 802,515 911,500 930,704 950,099 969,693 989,488 1,009,482 
1000 1,020 677 








For a line with a static pressure condition, P, uniform The Panhandle Formula* 





throughout the length of the line, the following equations 
can be used: To determine storage capacity of the line 
(atmospheric pressure = 14.73 psia): 

Cu ft per 100 ft 0.03703 P d? K 
Cu ft per ft 0.0003703 P d? K 
Cu ft per 1000 ft = 0.3703 Pd? K 


Cu ft per mile a 1939 Pe Rh 
Example 9 


Given: A pipeline 200 miles long, 20-in. OD pipe 


The original Panhandle Flow Formula has been used by 
numerous companies for calculating flow in large diameter 
(12-in. or larger, lines. This basic formula is: 


_ T 1.07881 (P - P 2) 0.5394 
= 435.87e - Svea bot &4 {2.6182 
Q a ( P ) (S a ; 


By substituting: 


T,, = Base temperature = 60° +460° = 520° abs 
x Base pressure = 14.73 psia 
T; = Flowing temperature = 50° + 460° = 510° abs 


G = Gravity of gas = 0.686 (Panhandle gas) 


and where: 


(19.250-in. ID) is operated under conditions given below. P, = Initial pressure — psia 
Determine the quantity of gas that can be stored in the line. P, = Final pressure — psia 
Gas temperature is 60 F and specific gravity is 65. ; i 
F L. = Length of line in miles 
Period of low flow P, = 800, P, = 600 (P,, = 705) om unanetes “i in inches 
, e = Experience factor 

Period of high flow P, = 800, P, = 400 (P,, = 622) ; 

. ; the equation can be resolved to: 


From the supercompressibility charts, the Z factors are 
found for the two P,, values and the values of K are calcu- 


1\% 
lated from K (z) 


Phen: 


Vem LSS SF LP 


m 


P2—Pp2 0.5394 
Q/d2-6182 839.51e ( hed ) 


Recently, this formula was revised, and the revision is 
known as the “Modified Panhandle Flow Formula.” The 
complete formula accounts for differences in elevation and 
compressibility. For calculations requiring only a fair 
amount of accuracy, these two factors can be omitted. The 
simplified version of the modified formula is: 


= 725 x 200 x 705 x 1.087 , ” +e Mane 
ica ( *) | ($5 7 simi 
= 111,000,000 std cu ft : a“ 
and Where: 
Q = cubic feet per day at P, and T,, 
V, = 725 x 200 x 622 x1.075 T,, = base temperature, F abs, 
= 96,000,000 std cu ft |, = base pressure, psia, 


S'orage capacity of the line is then equal to V, — V, 
15,090,000 cu ft of gas at standard conditions. 





*Complete details on how the modified formula was derived were given 
in the May and June, 1956, issues of Pipeline Engineer, along with a 
graphical method of solution. 
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Fer = 1421.57 Table I 
F, = 1031.2 Table IT 
F,, = 0.10701 Table III 
E = efficiency factor, Fp = 3574.8 Table IV 
P, = upstream pressure, psia, F, = 0.78892 PEN EET 
inti P com Q = 1421.57 x 1031.2 x 0.10701 x 3574.8 x 
P, = downstream pressure, psia, 0.78892 x 0.92 = 407,000 MCF/Day. 
T, = flowing temperatute, F abs, 
L = length of pipe line, miles, Example No. 2 
G = gas gravity referred to air, Find the downstream pressure, P, 
D = inside diameter of pipe, in. Given: 
P, = 14.73 
Tt, = @F 
P, = 1000 psia 
T, = 80 F 
The equation can be separated into its components as G = 0.600 . ; 
, D = 35.250 in. ID (36 in. OD) 
follows: 1 = 100 mil 
LP 1.02 1 \9-510 1 4901 1 \-51° Q = 900 MMCE/Day 
nana x(3*) . (=:) . (<) 7 (x) E = 95 per cent 
r2 — 1\-510 F.= Q 
x D 2.58 x E x | r? ) Fer x r, x F, x Fp Xx E 
EE eI Table I 
Normally T,, P,, T;, and G will remain constant for a de- ON ihn cg bene sd egies ainsi tenbantsoct Table II 
sign problem, therefore, these components can be grouped ES ree eee es ee ne Table III 
together in one table. The following tables can be prepared: Fp, = 8209.4 Re an een Te Table IV 
; . 900,000,000 
a) Fg, = Temperature-gravity function............. Table 1 P= atlas dale — 
@) Far. J r — ¢ pen | sae * ~ 1450.03 x 1148.2 x 0.09550 x 8209.4 x .95 
F or, = 737 (>) x (=) x (<) F, = 0.72579 
P, AT: G Oe ORSEOS - RR ORE are ee heen Table V 
(b) p = Pressure function........................ .....Lable II 1000 
F, = (P,)*- P, = ——= 685 psia 
(c) F, = Pipe line length function ...... Table III 1.46 7 iad 
.510 
yr = - TABLE IV. Pipe diameter function — Fp 
(d) Fp = Pipe line diameter function Table IV Wall Wall 
Fp = D253 OD, thickness, I.D., F, OD, thickness, I.D., Fy 
(e) F, = Ratio function Table V in. in. in. (ID)2-53 in. in. in. (ID)2-33 
es 2% 0.154 2.067 6.2778 16 0.219 15.562 1037.4 
r= P 3% ~=— 0.2116 3.068 17.051 0.250 15.500 1026.9 
2 0.300 2.900 14.786 0.281 15.438 1016.6 
F r?>— | ae 44 0.237 4.026 33.910 0.312 15.375 1006.1 
— on 0.337 3.926 31.819 0.344 15.312 995.71 
; Ay —" 65% 0.250 6.125 98.032 0.375 15.250 985.53 
The flow equation then simplifies to the very workable 0.280 6.065 95.622 0.438 15.125 965.23 
form of: 0.432 5.761 83.956 18 0.250 17.500 1396.0 
_ 85% 0.187 8.250 208.27 0.281 17.438 1383.5 
Q = For X F, X Fi, X Fp X FL XE * 0.203 8.219 206.30 0.312 17.375 1370.9 
Several examples will illustrate the use of the tables. 0.219 8.187 204.27 0.344 17.312 1358.4 
0.250 8.125 200.38 0.375 17.250 1346.1 
0.277 8.071 197.02 0.409 17.182 1332.7 
0.322 7.981 191.51 0.438 17.125 1321.6 
4 .203 10.344 369.12 20 0.250 19.500 1835.6 
Example No. 1 We N19 10.312. 366.23 0.281 19.438 1820.9 
> sit i . : . .250 10.250 360.69 0.312 19.375 1806.0 
Find the volume that can be carried in a pipe line 80 miles a 10.192 355.55 0.344 19.312 ans 
in length and with an inside diameter of 25.375 in. (26 0.307 10.136 350.62 0.375 19.250 1776.6 
in. OD). 0.344 10.062 344.18 0.409 19.182 1760.8 
‘ 0.365 10.020 340.56 0.438 19.125 1747.6 
Given: 1234 =: 0.208 12.344 577.28 22 0.250 21.500 2350.0 
= 14, i 0.219 12.312 573.50 0.281 21.438 2332.9 
“i a a - a on 0.250 12.250 566.22 0.312 21.375 2315.6 
"bows pends 0.281 12.188 559.00 0.344 21.312 2298.4 
T, = 60 F or 520°R 0.312 12.125 551.72 0.375 21.250 2281.4 
G = 0.650 0.330 12.090 547.68 0.438 21.125 2247.7 
— 0.344 12.062 544.49 0.500 21.000 2214.2 
=a ye “o. 0.375 12.000 537.43 | 24 0.250 23.500 2943.1 
P,= poe 0.438 11.875 523.39 0.281 23.438 2923.5 
P, = 550 psia 14 0.210 ~—-:13.580 734.90 0.312 23.375 2903.6 
Then 0.219 13.562 732.44 0.344 23.312 2883.9 
0.250 13.500 724.00 0.375 23.250 2864.5 
Oe es ee 0.281 13.438 715.63 0.438 23.125 2825.7 
lie: a. — 0.312 13.375 706.57 0.500 23.000 2787.2 
ia 0.344 13.312 698.77 
Q = Fer X F, X Fy X Fp X F, X E 0.375 13.250 690.56 
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1.02 1.4901 0.510 
TABLE I. For = gravity-temperature function — 737.0 (= ) (4) (+) ; 
° ¢ 


Temp- 
erature, Gravity 
F ).600 0.610 0.620 0.630 0.640 0.650 0.660 0.670 0.680 0.690 0.700 
35 1515.9 1503 .7 1491.8 1480.1 1468 .7 1457 .6 1446.7 1436.1 1425.7 1415.6 1405 .6 
40 1508 .3 1496.1 1484 .2 1472.6 1461.3 1450.3 1439 .4 1428.9 1418.5 1408 .4 1398.5 
45 1500.5 1488 .4 1476.6 1465.1 1453.8 1442.8 1432.1 1421.6 1411.3 1401.2 1391.4 
5U 1492.8 1480.8 1469.0 1457 .6 1446.4 1435.4 1424.7 1414.2 1404.0 1394.0 1384.2 
55 1485.4 1473.4 1461.7 1450.3 1439.2 1428.3 1417.6 1407 .2 1397.0 1387.1 1377.3 
60 1478 .4 1466.4 1454.8 1443.4 1432.3 1421.5 1410.9 1400.5 1390.4 1380.5 1370.8 
65 1470.9 1459.1 1447.5 1436.2 1425.1 1414.3 1403.8 1393.5 1383 .4 1373.5 1363.9 
70 1463.8 1452.0 1440.5 1429.2 1418.2 1407.5 1397.0 1386.7 1376.7 1366.9 1357.3 
75 1457.1 1445.3 1433.8 1422.6 1411.7 1401.0 1390 .6 1380.4 1370.4 1360.6 1351.0 
80 1449.9 1438 .2 1426.8 1415.6 1404.7 1394.1 1383 .7 1373.5 1363 .6 1353.9 1344.4 
85 1443.1 1431.4 1420.1 1409.0 1398 .2 1387.6 1377 .2 1367.1 1357.2 1347.5 1338.1 
90 1436.7 1425.1 1413.7 1402.7 1391.9 1381.4 1371.1 1361.0 1351 .2 1341.5 1332.1 
95 1429.8 1418.3 1407.0 1396.0 1385.3 1374.8 1364.5 1354.5 1344.7 1335.1 1325.7 
100 1423.3 1411.8 1400.6 1389.7 1379.0 1368 .5 1358.3 1348.4 1338.6 1329.1 1319.7 
105 1416.8 1405.3 1394.2 1383 .3 1372.7 1362.3 1352.1 1342 .2 1332.5 1323.0 1313.7 
110 1410.6 1399 .2 1388. 1 1377.3 1366.7 1356 .4 1346 .2 1336.4 1326.7 1317.2 1308.0 
115 1404.5 1393 .1 1382.1 1371.3 1360.7 1350.4 1340.4 1330.5 1320.9 1311.5 1302.3 
120 1398 .3 1387 .0 1376.0 1365.2 1354.7 1344.5 1334.5 1324.7 1315.1 1305.7 1296.5 
125 1392.0 1380.8 1369.8 1359.1 1348.7 1338.5 1328.5 1318.8 1309 .2 1299.9 1290.7 
130 1385.8 1374.6 1363 .7 1353 .0 1342.7 1332.5 1322.6 1312.8 1303 .4 1294.1 1285.0 
135 1379.9 1368.8 1357.9 1347.3 1337.0 1326.9 1317.0 1307.3 1297.8 1288 .6 1279.5 
140 1374.1 1363 .0 1352.2 1341.6 1331.3 1321.2 1311.4 1301.7 1292.3 1283.1 1274.1 
145 1368 .2 1357.1 1346.4 1335.8 1325.6 1315.5 1305.7 1296.1 1286.8 1277.6 1268 .6 
150 1362.7 1351.7 1341.0 1330.5 1320.2 1310.3 1300.5 1290.9 1281.6 1272.5 1263.5 
TABLE II. Pressure function = (P,)!-°* (Discharge pressure, psia) 
0 10 20 30 40 50 60 70 8U 90 100 
200 222 .36 233 .70 245.06 256.43 267 .80 279.18 290.58 301.99 313.40 324.82 336.25 
300 336.25 347 .68 359.13 370.58 382 .03 393 .50 404 .97 416.45 427 .93 439 .42 450.92 
400 450 .92 462.41 473 .92 485.43 496 .96 508 .47 520.01 531.53 543 .07 554.62 566 . 16 
500 566.16 577.72 589.28 600.84 612.41 623 .96 635.55 647.13 658 .70 670.29 681.88 
600 681.88 693 .47 705 .07 716.67 728 .28 739 .90 751.50 763.12 774.73 786 .36 798 .00 
700 798 .00 809 .62 821.24 832.88 844.52 856.17 867 .80 879 .47 891.11 902 .76 914.43 
800 914.43 926 .08 937.76 949 .40 961.08 972.75 984.42 996.09 1007.8 1019.5 1031.1 
900 1031.1 1042.8 1054.5 1066 .2 1077.9 1089 .6 1101.3 1113.0 1124.7 1136.4 1148.2 
TABLE Ill. Station spacing function — ( r) “! L = Miles between stations 
i) l 2 3 4 5 6 7 Ss y 10 

0 1 .QOO00 0.70223 0.57102 0.49312 0.44008 0.40092 0.37061 ) 34628 0).32608 0.30903 
10 0.30903 (). 29436 0.28159 0.27033 0.26029 0.25129 0.24316 0.23575 (). 22898 0.22276 0.21701 
0) 0.21701 =: 0.21166 = 0.20670 = 0.20206 )3=— 0.19772 0.19367 —s:0. 18983 «0.18620 0.18278 = 0.179540 0.17646 
30 0.17646 0.17352 0.17076 = 0.16809 «0.16555 = «0.16312, «0.16078 )~=— 0.15855 =O. 15641 «= s«0. 15436 = (0.15239 


40 0).15239 0.15048 0.14861 0.14685 0.14513 0.14350 0.14188 0.14034 0.13885 0.13738 0.13600 
50 0.13600 0.13460 0.13330 0.13199 0.13073 0.12954 0. 12833 0.12719 0.12608 0.12495 0.12390 


60 (). 12390 (). 12287 0.12183 0.12087 0.11989 0.11895 0.11804 0.11712 0.11624 0.11539 0.11453 
70 0.11453 0.11371 (0.11288 0.11209 0.11134 0.11058 0.10981 (). 10909 (). 10840 0.10766 0.1070% 
80 0.10701 0.10631 0.10565 0.10498 0.10436 0.10373 0.10310 0.10251 0.10192 0.10132 0.10077 


90 U.10077 0.10016 ().099604 0) .099087 0.098523 0.098001 0.097476 0.096950 0.096469 0.095986 0.095499 
100 ().095499 0.095017 0.094537 () .094068 0.093607 0.093149 0.092704 0.092257 0.091823 0.091393 (0) .090964 
110 0.090964 ().090551 0.090134 0) .089727 0.089323 ().088926 (0) .088534 0.088152 0.087767 0.087392 0.087018 
120 ().087018 ().086651 () .086286 ().085931 0.085576 0) .085228 0.084879 0.084540 0.084200 () .083865 0.083539 


130 0.083589 ().083211 (0) .082888 0) .082570 0.082255 ().081945 0.081634 0.081334 0.081033 0.080735 0.080436 
140 0.080436 0.080149 ().079860 0.079576 0.079292 0.079012 ) .078736 0.078461 0.078190 0.077924 0.077657 
150 ().077657 0) .077395 0.077131 0.076874 0) .076622 0.076368 0.076120 0.075872 0.075629 0.075384 0.075145 
160 0).075145 ().074907 0.074666 0.074437 0.074201 () .073973 0.073748 0.073523 0.073296 0.073077 0).072855 
170 ().072855 0).072641 ().072425 0.072209 0.671998 0.071786 0.071575 0.071369 0.071169 ().070963 0.070760 
180 ().070760 (0).070559 0.070364 0.070168 0.069971 ().069780 0) .069589 0) .069397 0.069212 0) .069026 0.068838 
190 0) .068838 () .068652 ().068472 0.068290 0.068108 0.067933 0.067756 0.067580 0.067403 0.067233 0.067063 


r?—1\ 0.510 
TABLE V. F, = Ratio Function ( » ) 


re- 

r 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 
1.20 0.54621 0.55652 0.56646 0.57598 0.58510 0.59391 0.60235 0.61043 0.61833 0.62589 0.63321 
1.30 ().63321 0.64029 ().64714 0.65378 0.66019 0.66647 0.67247 0.67834 ().68402 0.68951 0.69482 
1.40 (). 69482 (0). 70008 0.70508 0.71000 0.71479 (0.71943 0.72397 0.72840 0.73269 0.73687 0.74095 
1.50 0.74095 0.74496 0.74881 0.75265 0.75631 0.75991 ().76342 0.76692 0.77027 0.77354 0.77673 
1.60 0.77673 0.77990 0).78294 0).78598 0). 78886 0.79174 0.79461 0.79734 (0). 80000 0.80264 0.80523 
1.70 ().80523 (). 80780 0.81024 0.81266 0.81508 0.81738 0.81967 0.82194 0.82410 0.82625 0.82838 
1.80 0.82838 0.83047 0.83253 (). 83449 0.83649 0.83842 0.84029 ().84215 0.84396 0.84575 0). 84748 
1.90 0.84748 0.84922 0.85094 0.85261 0).85422 0.85588 0.85742 0.85902 0.86054 0.86203 0.86356 
2.00 0.86356 0.86495 0.86643 ().86782 0.86922 0.87056 0.87191 0.87326 0.87452 0). 8757' 0.87706 


2.10 0.87706 0.87828 0.87955 0.88071 0.88192 0.88306 0.88422 0.88536 () 88644 6.88755 0.88863 
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Relative Discharging Capacities of Pipes 





TABLE I—RELATIVE DISCHARGING CAPACITIES OF STANDARD PIPE 







































































Pipe | Internal a ___Pipese 
size. diameter a5/ 2 | l | l | | | 
in. d, in. \% | % | % % “%|1 | 1 | Ue | 2 | 24] 8 | 3% 5 6 | 8 | 10 | 12 
\% 0.269 | 0.037530 ‘w yeengey ERED B ctacte Listas ‘Sas ae ‘age We Bast Fee jaa ‘Gai Sire wes Be tse ees ec: 
is 0.364 | 0.079938} 2.1) 1.0|........ issewes |sescee|oeeees Dces Guiaen ‘ROR ORG Ree Wao KORE! ee yr POR RRL ON 
0.493 | 0.17065 “5 Sennen Setet: nee | ete | rtrd OGRE ROBE Satie see Sees vous eg = ae aca 
| | | | 
% 0.622 | 0.30512 8.1 3.8 1.8 S| eee Se arr Beds ee eee eee foe Oe opt! A Re | re bas 
% 0.824 0.61634 16 | 7.7 3.6 | ae Se haere ey aie BR EH FRE a Re RES neees 
1 1.049 | 1.1270 3 | «14 6.6060 3.77 «1.8 10... DN Merete view OE OR atten ee Leah HS Deomiaca 
1% 1.380 2.2372 | 60 2% | 13 | 1H EH: 2G BE Feds abeddes S iddwabtanxibydacstudaiannecs Be ie bo, 
1% 1.610 3.2890 | 88 41 | 19 il 5.3) 2.9 iy. i eae Se acs Ridudahaauistode dabenedsteneas aaah |esseslecnes 
2 2.067 | 6.1428 | 164 | 7 36 20 | 10 5.5} 2.7) 1.9) 1.0)..... [esteelesees|seeee[eeeeafeneee|seeee|oeees | ue 
2% 2.469 9.5786 255 120 56 31 16 $5 28 2G. tO... REE Rae! Peer ee 
3 3.068 | 16.487 439 206 | 97 4) 27 | 15 | 7.4) 5.0) 2.7) 1.7) 1.0)... RR Soe ie eel eee |-+e0s 
3% 3.548 | 23.711 632 297 1399 | 8978 | 38 | 2 | 7.2] 3.9} 2.5] 1.4] EC Be Ss Bn Be Be Jerse: 
j | | | 
4 4.026 | 32.523 867 407 191 107 | 53 | 2 | 15 0.9) 6.3) oe Bt eS oe oe ee oo 
5 5.047 | 57.225 1525 | 716 335 188 | 93 | 51 | 26 | 17 | 9.3) 6.0) 3:5 24) 1.8 1.0 | bi aalicae daleytae Jeeses 
6 6.065 | 90.589 | 2414 11338 | 531 297 | 147 | 80 | 40 | 28 | 15 | 9.5 5.5) x ie x 0 ed eee ee Pea: 
| | | } | | | 
8 7.981 | 179.95 | 4795 | 225) 1054 | 500 | 292 | 160 | 80 | 55 | 29° | 19 | 4 7.6| 5.5} 3.1 | 2.0| 1.0 a ie 
10 10.020 | 317.81 8468 | 3976 | 1862 | 1042 | 516 | 282 | 142 | 97 | 52 | 33 | 19 | 13 9.8} 6.6/ 3.5/1.8] 1.0]..... 
12 12.000 | 498.83 | 13292 | 6240 | 2023 | 1635 | 809 | 443 | 223 | 152 | 81 | 52 | 30 | 2 | 15 | 8.7/5.5) 2.8 1:6 |"i.0 
| | | | | | } 
The figure opposite the intersection of any two sizes is the number of smaller size pipes required to equal one of the larger. 
*Example: How many 2-in. pipes will it take to equa! the discharge of one 8-in. pipe? Answer: 29 2-in. pipes. 
TABLE 2—RELATIVE DISCHARGING CAPACITIES OF EXTRA STRONG PIPE 
Pipe | interna! 52 | jens aa ae _ Pipe size 
size, | diameter d | | | l | | 
in d. in. | &% | M | % % “11 | ue! 16] 2 lawl 3 | ax a|s le 8 | 10 | 12 
% | 0.915] 0.021434) 1.01........ Saas Rep ecm Bee Gres ‘meres ee Ream Sele cea oe SE Ee ee ees See 
Fy 0 302 0.080121 2.3) 1.0)........ ees et ey eae ee ieee = ERE! ena aeieeiced ed A wee Biases 
| 0423 | 0111637) 8:4) 28) iO! oe aE OE MI: Hamlin Spee ERE Cai: RR BE OM 
| | 
% 0.546 0.22028 10 | 4.4 1.9 SL eee ee SORT S| Saeeek Spene Peper: a dudebmucibeaase nye) eee 2 
% 0.742 0.47425 22 9.5 4.1| SH BG xc, S raaks EERE Re SES TR Ripon ses Beal Cees Re Se et 
1 0.957 | 0.89594 42 eo, «| 2.7 40 CG RGL...2 bie ies wane Esvasheaads Pel Bi Bis Pasa Resa, 
| | } } 
1% 1.278 | 1.8464 86 37 | 16 | 8.4, 3.9) 2.1) U.0)....../..... selecesefecscefores. sdbewacelescechessdeocens 
1 1.600 | 2.7557 | 129 | 55 | 2% BS BY BY ee eee eee com one re ba Gee opm By ukaeiuaans 
2 1.939 | 5.2353 | 244 | 104 45 4] | 58 28 1.9) 10. | ain aeied cI 
2% 2.323 | 8.224 | a | i | om | a7 | a7 | 9.2) 4.6} 3.0 19) oT tee Gare See ee Oe Te, see 
3 2.900 | 14.322 | 668 | 286 | 123 | 65 | 30 | 16 70 SH 2 8.2) BGs ca. a aN. Teeitasl Soe ai 
3% | 31304) 20.766 | 968 | 4t4 | 178 | 08 | 44 | 23 | an | 7:5) 420) 275) ta) ELOISE 
4 3.826 | 28.638 | 1336 | 671 | 246 | 190 | o | 32 | 16 | 10 | 5.6) 3.8) 2.0) 1.4) LOL.) ee. we 
5 4.813 | 50.821 2871 | 1014 7 231 | 107 | 57 | 28 | 18 | 9.7) 6.2) 3.6) 2.4) 1.8) 1.0/.....)..... Jooees [eves 
6 5.761 | 79.661 3717 | 1889 685 | 362 | 168 | 89 43 | 29 | 15 | 9.7) 5.6) 3.8) 2.8/1.6) 1.0]..... sr jesse 
8 7.625 | 160.55 7490 | 3203 1380 729 | 339 | 179 | 87 | 68 | 31° | 2 lay | 7.7] 5.6) 3.2] 2.0] 1.0]..... se 
10 9.750 | 206.83 | 18849 | 5022 | 2561 | 1348 | 626 | 331 | 161 | 108 | 67 | 36 | 21 | 14 | 10 | 6.8| 3.7] 1.8] 1.0]..... 
W 11.750 | 473.25 | 22079 | 9442 | 4067 | 2148 998 | 528 | 256 | 172 | 9 | 58 | 33 | 3 | 17 | 9.3) 5.9) 2.9] 1.6] 1.0 












































pipes. 


Explanation: I[t is frequently desired to know how 
many pipes of a certain size are equal! in discharging 
capacity to one pipe of a larger size. Under the same 
head, the velocity is less in the smaller pipe and the 
discharge varies as the square root of the fifth power 
of the inside diameter. Expressed as a formula, the 

a ee dy di 

Relative discharging capacity= -—_— = =,— 

Vids" ds 
where d,=Actual inside diameter of the larger pipe. 
ds= Actual inside diameter of the smaller pipe. 


The accompanying tables covering standard, extra 
strong, and large diameter pipe were calculated by 
this formula. It is possible by the use of these tables 
to find directly the number of small pipes which will 
(under the same head) give the same discharge as 


The figure opposite the intersection of any two sizes is the number of smaller size pipes required to equal one of the larger. 
*Example: How many 2-in. extra strong pipes will it take to equal the discharge of one 8-in. extra strong pipe? Answer: 31 2-in. 


one larger pipe, provided the sizes of pipes in ques- 
tion appear in the same table. An example using 
more than one table follows: 


Example: What size of pipe will be required to 
equal the discharge of the following? 


=4X d5/2=4X32.523= 130.092 
Two 6-in. standard pipes =2 x d5/2=2X90.589= 181.178 
Three 8-in. standard pipes =8 x d5/2=3X179.95= 539.85 
Two 14-in. O.D. X 7y-in. wall =2Xd5/9=2 x 624.09 =—1248.18 
One 18-in. O.D. X %-in. wall = d@/8= 1191.6 =1191.6 


Four 4-in. standard pipes 


Total— 3290.9 


The nearest figure to 8290.9 is found in table 8 on sheet 2 in 
the column of factors d®°/? corresponding to a pipe about 25% 
in. LD. The d?-> factors on tables P 622.001 (sheets 1, 2, 3, 4, 
and 5) that were published in The Petroleum Engineer in June 
and July, 1942. may be ased in place of the d®/* factors in prob- 
lems such as the one above. 


Table from Bulletin No. 21 by courtesy of National Tube Company. 
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Chart for Calculating Pipe Storage Capacity 








FORMULA EXAMPLE 
V = 0.00193 d2 LP Find volume of gas that would be drained from =, 
ae Sig ? F miles of 12-in. OD line if initial pressure is 305 psig and 
Where: final pressure is atmospheric. 
V = Volume in Mcf at 14.4 psi + 8 oz. (14.9 psia) Solution. Locate 12-in. on scale D and connect to 
d = inside diameter of pipe 5 miles on scale L. From the intersection of these lines 
L = length of pipe in miles on turning scale X, draw another line to 305 psig on scale 
P = pressure in line section in psig P. Read answer (420 Mcf) on scale V. 
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—Chart by W. D. Parkes, United Gas Pipe Line Company. 
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Gas Distribution Piping System Standards 


(Extracted from ASA Code B31.8—1958) 


Scope and Intent 


Section 8 covers the design, fabrication, installation, in- 
spection, testing, and the safety aspects of operation and 
maintenance of gas transmission and distribution systems, in- 
cluding gas pipelines, gas compressor stations, gas metering and 
regulating stations, gas mains, and gas services up to the outlet 
of the customer’s meter set assembly. Also included within the 
scope of this section are gas storage equipment of the closed pipe 
type fabricated or forged from pipe or fabricated from pipe and 
fittings, and gas storage lines. 
804.2 Requirements of Section 8 also cover the conditions of 
use of the elements of the piping systems described in 
804.1, including, but not limited to, pipe, valves, fittings, flanges, 
bolting, gaskets, regulators, pressure vessels, pulsation damp- 
eners, and relief valves. 
804.3 This Section 8 does not apply to: 
(a) Design and fabrication of pressure vessels covered 
by the ASME code. 

(b) Piping with metal temperatures above 450 F or below 
minus 20 F. (For temperatures above 450 F, ASA B31.1, Sec- 
tion 3, Division A, shall apply. For low temperatures within the 
range covered by this section, see 814.) 

(c) Piping beyond the outlet of the customer’s meter set as- 
sembly. (See ASA Z21.30 for such piping.) 

(d) Piping in oil refineries or natural gasoline extraction 
plants, gas treating plant piping other than the main gas stream 
piping in dehydration and all other processing plants installed as 
part of a gas transmission system, gas manufacturing plants, in- 
dustrial plants, or mines. (See other applicable sections of ASA 
B31.1) 

(e) Vent piping to operate at substantially atmospheric pres- 
sures for waste gases of any kind. 

(f) Wellhead assemblies, including control valves. and fiow 
lines between wellhead and trap or separator, or casing and 
tubing in gas or oil wells. 

(g) Proprietary items of equipment, apparatus, or instru- 
ments. 

(h) Heat exchangers. 

(i) Oil or liquid products pipelines. 

(j) Prefabricated units which employ plate and longitudinal 
welds as contrasted to pipe. 

804.4 The requirements of Section 8 are adequate for safety 
under conditions normally encountered in the gas in- 
dustry. Requirements for abnormal or unusual conditions are 
not specifically provided for, nor are all details of engineering 
and construction prescribed. It is intended that all work per- 
formed within the scope of this section shall meet or exceed the 
safety standards expressed or implied herein. 
804.5 This section is concerned with: 
(a) Safety of the general public. 

(b) Employee safety to the extent that it is affected by 
basic design, quality of the materials and workmanship, and 
requirements for testing and maintenance of gas transmission 
and distribution facilities. Existing industrial safety regulations 


804.1 





This section extracted from American Standard 
Gas Transmission and Distribution Piping Systems 
(ASA B31.8—1958)—Section 8 of American Stand- 
ard Code for Pressure Piping, with the permission of 
the publisher, The American Society of Mechanical 
Engineers, 29 West 39th Street, New York 18, New 
York. 
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pretaining to work areas, safety devices, and safe work practices 
are not intended to be supplanted by this code. 
804.6 It is not intended that this code be applied retroactively 
to existing installations insofar as design, fabrication, 
installation, established operating pressure, and testing are con- 
cerned. It is intended, however, that the provisions of this code 
shall be applicable to the operation, maintenance, and up-rating 
of existing installations. 


Materials and Equipment 


It is intended that all materials and equipment that will 
become a permanent part of any piping system con- 
structed under this code shall be suitable and safe for the con- 
ditions under which they are used. All such materials and equip- 
ment shall be qualified for the conditions of their use by com- 
pliance with certain specifications, standards, and special re- 
quirements of this code or otherwise as provided herein. 


$10.1 


Piping System Components 
and Fabrication Details 
PIPING SYSTEM COMPONENTS 


All components of piping systems, including valves, flanges, 
fittings, headers, special assemblies, etc.. shall be designed to 
withstand operating pressures. and other specified loadings, with 
unit stresses not in excess of those permitted for comparable 
material in pipe in the same location and type of service. Com- 
ponents shall be selected that are designed to withstand the field 
test pressure to which they will be subjected, without failure or 
leakage, and without impairment of their serviceability. 


Valves 
831.11 Valves shall be used only in accordance with the serv- 
ice recommendations of the manufacturer. Valves shal! 
conform to American Standards governing minimum wall thick- 
ness. materials and dimensions, and may be used in accordance 
with pressure-temperature ratings contained in the following 
standards: 


ASA B16.5 Steel Pipe Flanges and Flanged Fittings 

API 6D —Specification for Steel Gate. Plug. and Check 
Valves for Pipe Line Service 

MSS SP-44 —Steel Pipe Line Flanges 

MSS SP-52 —Cast Iron Pipe Line Valves 

ASA B16.24 —Brass or Bronze Flanges and Flanged Fittings. 


831.12 Screw-end valves shall be threaded according to the 
American Standard for Pipe Threads (ASA B2.1) o1 
API Specification for Line Pipe (5L). or API Specification fot 
Threads in Valves, Fittings and Flanges (6A). 
831.13 Pressure-reducing devices shall conform to the require- 
ments of this code for valves in comparable service 
conditions. 
Flanges 
831.21 Flange Types and Facings 
(a) The dimensions and drilling for all line or end 
flanges shall conform to the following standards: 
ASA B-16 Series — (For Iron and Steel) 


MSS SP-44 — Steel Pipe Line Flanges 
Appendix H — Light-Weight Steel Flanges 
ASA B16.24 — Brass or Bronze Flanges and 


Flanged Fittings. 

Flanges cast or forged integral with pipe, fittings or valves will 
be permitted in sizes and for the maximum service ratings cov- 
ered by the Standards listed above, subject to the facing, bolting 
and gasketing requirements of this paragraph and 831.22 and 
831.23. 









































DIAGRAM SHOWING SCOPE OF SECTION 8 OF ASA B31 


; Facilities indicated by Solid Lines are within the Scope of Section 8 of ASA B31 
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(b) Screwed companion flanges which comply with the B16 
group of ASA Standards will be permitted in sizes and for maxi- 
mum service ratings covered by these standards. 

(c) Lapped flanges will be permitted in sizes and pressure 
standards established in the American Standard ASA B16.5. 

(d) Slip-on welding flanges will be permitted in sizes and 
pressure standards established in American Standard ASA B16.5 
and MSS SP-44. Slip-on flanges of rectangular section may be 
substituted for hubbed slip-on flanges provided the thickness is 
increased as required to produce equivalent strength as deter- 
mined by calculations made in accordance with Section VIII, Un- 
fired Pressure Vessels, of the ASME Boiler and Pressure Vessel 
Code. 

(e) Welding neck flanges will be permitted in sizes and pres- 
sure standards established in American Standard ASA B16.5 and 
MSS SP-44. The bore of the flange should correspond to the inside 
diameter of the pipe used. 

(f) Cast iron and steel flanges shall have contact faces finished 
in accordance with MSS Standard Finishes for Contact Faces of 
Connecting-End Flanges of Ferrous Valves and Fittings, SP-6. 

(g) Non-ferrous flanges shall have contact faces finished in 
accordance with American Standard ASA B16.24. 

(h) 25 psi and Class 125 cast-iron integral or screwed com- 
panion flanges may be used with a full face gasket or with a flat 
ring gasket extending to the inner edge of the bolt holes. When 
using a full-face gasket, the bolting may be of heat-treated carbon 
steel (ASTM A-261), or alloy steel (ASTM A-193). When using 
a ring gasket, the bolting shall be of carbon steel equivalent to 
ASTM A-307, Grade B without heat treatment other than stress 
relief. 

(i) When bolting together two Class 250 integral or screwed 
companion cast-iron flanges, having 1/16-in. raised faces, the 
bolting shall be of carbon steel equivalent to ASTM A-307 Grade 
B, without heat treatment other than stress relief. 

(j) 150 psi steel flanges may be bolted to Class 125 cast-iron 
flanges. When such construction is used, the 1/16-in. raised face 
on the steel flange shall be removed. When bolting such flanges 
together using a flat ring gasket extending to the inner edge of the 
bolt holes, the bolting shall be carbon steel equivalent to ASTM 
A-307 Grade B, without heat treatment other than stress relief. 
When bolting such flanges together using a full face gasket, the 
bolting may be heat treated carbon steel (ASTM A-261) or alloy 
steel (ASTM A-193). 

(k) 300 psi steel flanges may be bolted to Class 250 cast-iron 
flanges. Where such construction is used, the bolting shall be of 
carbon steel, equivalent to ASTM A-307 Grade B, without heat 
treatment other than stress relief. Good practice indicates that 
the raised face on the steel flange should be removed, but also in 
this case, bolting shall be of carbon-steel equivalent to ASTM 
A-307 Grade B. 


Fittings Other Than Valves and Flanges 


831.31 Standard Fittings 

(a) The minimum metal thickness of flanged or screwed 
fittings shall not be less than specified for the pressures and tem- 
peratures in the Applicable American Standards or the MSS 
Standard Practice. 

(b) Steel butt-welding fittings (not flanged) shall comply with 
the American Standard for Steel Butt-Welding Fittings (ASA 
B16.9) and shall have pressure and temperature ratings based on 
stresses for pipe of the same or equivalent material. To insure 
adequacy of fitting design, the actual bursting strength of fittings 
shall at least equal the computed bursting strength of pipe of the 
designated material and wall thickness. Mill hydrostatic testing of 
factory made steel butt-welding fittings is not required, but all 
such fittings shall be capable of withstanding a field test pressure 
equal to the test pressure established by the manufacturer, without 
failure or leakage, and without impairment of their serviceability. 

(c) Steel socket-welding fittings shall comply with American 
Standard for Steel Socket-Welding Fittings (ASA B16.11). 
831.32 Special Fittings. When special cast, forged, wrought, or 

welded fittings are required to dimensions differing from 
those of regular shapes specified in the applicable ASA and MSS 
Standards, the provisions of 807 shall apply. 
831.33 Branch Connections. 

(a) Welded branch connections on steel pipe must meet 
the design requirements of 831.4 and 831.5. 


(b) Threaded taps in cast iron pipe are permitted, without re- 
inforcement, to a size not more than 25 percent of the nominal 
diameter of the pipe, except that 114 in. taps are permitted in 4 
in. pipe. Larger taps shall be covered by a reinforcing sleeve. 

(c) Mechanical fittings may be used for making hot taps on 
pipelines and mains; provided they are designed for the operating 
pressure of the pipeline or main, and are suitable for the purpose. 


EXPANSION AND FLEXIBILITY 


832.1 This section is applicable to above ground piping only 
and covers all classes of materials permitted by this code 
up to temperatures no greater than 450 F. 
832.2 Amount of Expansion. The thermal expansion of the 
more common materials used for piping shall be deter 
mined from Table 832.21. The expansion to be considered is the 
difference between the expansion for the maximum expected 
operating temperature and that for the expected average erection 
temperature. For materials not included in this table, or for pre 
cise calculations, reference shall be made to authoritative source 
data, such as publications of the National Bureau of Standards. 





TABLE 832.21. Thermal Expansion of Piping Materials. — 





Carbon and low alloy high tensile steel and wrought iron 
Temperature Total expansion in inches 


Degree F per 100 ft above 32 F 
32 0. 
60 0.2 

100 0.5 
125 0.7 
150 0.9 
175 hou 
200 1.3 
225 1.5 
250 LZ 
300 2 3 
350 Poa 
400 3.0 
450 3.5 








Design, Installation, 
and Testing 


840.1 General Provisions. The design requirements of this code 

are intended to be adequate for public safety under all 
conditions usually encountered in the gas industry. However, 
special conditions that may cause additional stress in any part 
of a line or its appurtenances shall be provided for, using good 
engineering practice. Examples of such special conditions include: 
Long self-supported spans, unstable ground, mechanical or sonic 
vibrations, weight of special attachments, and thermal forces other 
than seasonal. 


STEEL PIPE 


Population Density Indices 

(a) Two population density indices, determined at the 
time of initial construction, are used to classify locations for de- 
sign and testing purposes: (1) The one-mile density index, which 
applies to any specific mile of pipeline; and (2) the ten-mile dens- 
ity index, which applies to any specific ten-mile length of 
pipeline. 

(b) To determine the one-mile density indices for a proposed 
pipeline, lay out a zone one-half mile wide along the route of the 
pipeline with the pipeline on the center line of this zone. Divide 
the zone into lengths, each containing one mile of pipeline. Count 
the number of buildings intended for human occupancy in each 
of these lengths. These numbers are the one-mile indices for the 
pipeline. 

(c) To determine the ten-mile density indices for any given 
ten-mile length of pipeline, proceed as follows: Add the one-mile 
density indices for the ten-mile section. In case a one-mile index 
equals or exceeds 20, it is to be included in the sum as 20. Divide 
the sum thus obtained by 10. The quotient is the ten-mile density 
index for the section. 


841.001 
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CLASSIFICATION OF STEEL PIPE CONSTRUCTION! 


Four types of steel pipe construction are prescribed in this code. The distinguishing charac- 
teristics of each type and the locations in which each type shall be used are as follows: 








Type A Type B Type C Type D 
ts construction construction construction construction 
A. Characteristics — ane ee ee —_—_—_—_—_—— 
|. Design Factor F 
(See 841.11) a2 50 40 


B. Locations where (a) On private rights of way in 
type of construction class 1 locations. 
shall be used. 


class 2 locations. 


(b) Parallel encroachments on: 
Privately owned roads in class | 
locations. Unimproved roads in 
class 1 locations. 

(c) Crossings without casings of 
privately owned roads in 

class 1 locations. 

(d) Crossings in casings of un- 
improved public roads, hard- 
surfaced roads, highways or 
public streets and railroads in 
class 1 locations. 


and class 2 locations. 


(a) On private rights of way in 


(b) Parallel encroachments on: Privately 
owned roads in class 2 locations. 

Unimproved public roads in class 2 locations. locations. Unimproved public roads 
Hard surfaced roads, highways or public 
streets and railroads in class 1 locations 


(c) Crossings without casings of: Privately 
owned roads in class 2 locations. Unimproved (c) Crossings without casings of: 
public roads in class 2 locations. Hard sur- 
faced roads, highways or public streets 
and railroads in class 1 locations. 

(d) Crossings in casings of: Hard surfaced 
roads, highways or public streets and rail- 
roads in class 2 locations. 


(a) In all locations in 
location class 4. 


(a) On private rights of way in 
class 3 locations. 


(b) Parallel encroachments on: 
Privately owned roads in class 3 


in class 3 locations. Hard surfaced 
roads, highways or public 

streets and railroads in 

class 3 locations. 


Privately owned roads in class 3 
locations. Unimproved public 
roads in class 3 locations. Hard 
surfaced roads, highways or public 
streets and railroads in class 2 and 
and 3 locations. 


e) On bridges in class 1 and class 2 locations. (d) Compressor station piping. 


(See 841.143) 


(f) Fabricated assemblies in pipe lines in 
location classes 1 and 2. (See 841.142) 





(1) It is necessary to distirzuish between construction types, as defined by Section A of this table, and location classes, as defined in 841.01, t 
avoid confusion. If pipelines or mains are located in private rights of way, the code prescribes that Type A construction be used in Class 1 
locations, Type B construction in Class 2 locations, Type C construction in Class 3 locations, and Type D construction in Class 4 locations. Ther« 
are many exceptions to this association of Class 1 with Type A, etc., however, as Table 841.02 shows, most of which are cases where pipelines or 


mains are located in highways or on bridges, etc. 


2 











Classification of Locations 


841.011 Class 1 Locations 
Class 1 locations include waste lands, deserts, rugged 
mountains, grazing land, and farm land, and combinations of 
these; provided, however, that: 
(a) The ten-mile density index for any section of the line is 
12 or less. 
(b) The one-mile density, index for any one mile of line is 
20 or less.1 
841.012 Class 2 Locations 
Class 2 locations include areas where the degree of 
development is intermediate between Class 1 locations and Class 
3 locations. Fringe areas around cities and towns, and farm or in- 
dustrial areas where the one-mile density index exceeds 20 or the 
ten-mile density index exceeds 12 fall within this location class. 


It is not intended here that a full mile of lower-stress-level pipeline 


shall be installed if there are physical barriers or other factors that will 
limit the further expansion of the more densely populated area to a total 
distance of less than 1 mile. It is intended, however, that where no such 
barriers exist, ample allowance shall be made in determining the limits 
: the lower-stress design to provide for probable further development in 
the rea, 


2 Multistory means 4 or more “‘floors’’ above ground including the first 
ground floor. The depth of basements or number of basement floors is 
immaterial. 


CONSTRUCTION TYPES REQUIRED FOR PARALLEL 
ENCROACHMENTS OF PIPELINES AND MAINS 
ON ROADS AND RAILROADS 








Construction Type Required 





Kind of | Location Location Location | Location 
Thoroughfare class 1 class 2 class 3 class 4 

(a) ’rivately owned roads Type A Type B Type C Type D 

)) Unimproved public roads Type A Type B rype ( lype D 

¢) tard surface roads, | Type B TypeBK | Type C rype D 


ghwavys or public streets | 
nad railroads | 


841.013 Class 3 Locations 
Class 3 locations include areas subdivided for residen- 
tial or commercial purposes where, at the time of construction 
of the pipeline or piping system, 10 percent or more of the lots 
abutting on the street or right-of-way in which the pipe is to be 
located are built upon, and a Class 4 classification is not called 
for. This permits classifying as Class 3, areas completely occupied 
by commercial or residential buildings with the prevalent height 
of three stories or less. 
841.014 Class 4 Locations 

Class 4 locations include areas where multistory? build- 
ings are prevalent, and where traffic is heavy or dense and where 
there may be numerous other utilities underground. 
841.015 It should be emphasized that Location Class (1, 2, 3 or 

4), as described in the foregoing paragraphs, is defined 
as the general description of a geographic area having certain 
characteristics as a basis for prescribing the types of construction 
and methods of testing to be used in those locations or in areas 
that are respectively comparable. A numbered Location-Class 
refers only to the geography of that location or a similar area, 
and does not necessarily indicate that a correspondingly numbered 
Construction-Type will suffice for all construction in that par- 
ticular location or area. Example: In Location Class 1, all aerial 
crossings require Type B construction. (See 841.143) 


CONSTRUCTION TYPES REQUIRED FOR PIPELINES — 
AND MAINS CROSSING ROADS AND RAILROADS 





Construction Type Required 











Kind of Location Location | Location Location 
Thoroughfare | class 1 class 2 class 3 } class 4 
(a) Privately owned Type A iType B i\Type C Type D 
roads without casing |without casing |without casing | without casing 
(b) Unimproved public |Type A Type B iType C \Type D 
roads with casing without casing |without casing | without casing 
Type B | } 
without casing 
¢) Hard surface roads, |Type A Type B Type © \Type D 
highways or public |with casing with casing without casing | without casing 
streets and railroads| Type Type B | 


without casing |without casing | 








841.016 When classifying locations for the purpose of determin- 
ing the type of pipeline construction and testing that 
should be prescribed, due consideration shall be given to the 
possibility of future development of the area. If at the time of 
planning a new pipeline this future development appears likely to 
be sufficient to change the location class, this should be taken into 
consideration in the design and testing of the proposed pipeline. 
It is also anticipated that some increase in population density 
will occur in all areas after a line is constructed, and this possi- 
bility has been taken into account in establishing the design, con- 
struction, and testing procedures for each location class. 


841.1 Steel Pipe Design Formula. The design pressure for steel 
gas piping system or the nominal wall thickness for a 
given design pressure shall be determined by the following 
formula: 
2St 
Bi sens eeu y vo: eee, 
Pos dD Pae S set 
(For exceptions see 841.4) 
Where: 
P = Design pressure, psig 
S = Specified minimum yield strength, psi, stipulated in the spe- 
cifications under which the pipe was purchased from the 
manufacturer or determined in accordance with 811.27 H. 
The specified minimum yield strengths of some of the more 
commonly used piping steels, whose specifications are 
incorporated by reference herein, are tabulated for con- 
venience in Appendix “C.” For special limitation on S see 
841.14 (e) and (f). 
D = Nominal outside diameter of pipe, inches. 
t = Nominal wall thickness, inches. 
> — Construction type design factor obtained from 841.11. 
E = Longitudinal joint factor obtained from 841.12. 
r = Temperature derating factor obtained from Table 841.13. 


841.14 Limitations of Pipe Design Values 

(a) P for furnace butt welded pipe shall not exceed the 
restrictions of 841.1 or 60 percent of the mill test pressure, which- 
ever is the lesser. 

(b) P shall not exceed 85 percent of the mill test pressure for 
all other pipes; provided, however, that pipe, mill tested to a 
pressure less than 85 percent of the pressure required to produce 
a stress equal to the specified minimum yield, may be retested 
with a mill type hydrostatic test or tested in place after installa- 
tion. In the event the pipe is retested to a pressure in excess of 
the mill test pressure, then P shall not exceed 85 percent of the 
retest pressure rather than the initial mill test pressure. It is man- 
datory to use a liquid as the test medium in all tests in place after 
installation where the test pressure exceeds the mill test pressure. 
This paragraph is not to be construed to allow an operating pres- 
sure or design pressure in excess of that provided for by 841.1. 

(c) Transportation, installation or repair of pipe shall not re- 
duce the wall thickness at any point to a thickness less than 90 
percent of the nominal wall thickness as determined by 841.1 
for the design pressure to which the pipe is to be subjected. 

(d) “t” shall not be less than shown in Table 841.141. 

(e) When pipe that has been cold worked for the purpose of 
meeting the specified minimum yield strength is heated to 600 
F or higher (welding excepted), the maximum allowable pres- 
sure at which it can be used shall not exceed 75 percent of the 
value obtained by use of the steel pipe design formula given in 
841.1. 

(f) In no case where the code refers to the specified minimum 
value of a physical property can the actual value of the property 
be substituted in design calculations, unless the actual is less 
than the specified minimum. Table 841.141. 

841.142 Fabricated Assemblies. When fabricated assemblies, 
such as connections for separators, main line valve as- 
semblies, cross-connections, river crossing headers, etc., are to be 
installed in areas defined as location Class 1, Type B construction 
is required throughout the assembly, and for a distance of 5 pipe 
diameters in each direction beyond the last fittings. Transition 
pieces at the end of an assembly and elbows used in place of pipe 
bends are not considered as fittings under the requirements of 
this paragraph. 
841.143 Pipelines or mains supported by railroad, vehicular, pe- 
destrian, or pipeline bridges shall be in accordance with 
the construction type prescribed for the area in which the bridge 
is located, except that in Class | locations Type B construction 
shall be used. 


4 








Table 841.11 
Values of Design Factor “F” 











Spec. Number 
ASTM A53 


ASTM A106 
ASTM A134 
ASTM A135 
ASTM A139 
ASTM A155 
ASTM A381 
F Seamless. . 


API 5I 


API il 


x Seamless 


Construction Type 
(See 841.02) Design Factor F 
Type—A 0.72 
Type—B 0.60 
Type—C 0.50 
Type—D 0.40 
Table 841.12 


Longitudinal Joint Factor “E” 


Pipe Class E, Factor 
Seamless. . . 1.00 
Electric Resistance Welded 1.00 
Furnace Lap Welded 80 
Furnace Butt Welded 60 
Seamless. . . 1.00 
Electric Fusion Are Welded 80) 
Electric Resistance Welded 1.00 
Electric Fusion Welded. 8) 


00 
00 
OO 
Electric Resistance Welded OU 
Electric Flash Welded 00 
Furnace Lap Welded 80 
Furnace Butt Welded 60 
Ou 
00 
OU 
1.00 


Electric Fusion Are Welded 
Double Submerged Are Welded 


Electric Resistance Welded 
Electric Flash Welded 
Submerged Are Welded 


Table 841.13 
Temperature Derating Factor “T” for Steel Pipe 


Temperature Derating 
Factor “T” 
1.000 
0.967 
0.933 
0.900 
0.867 


Temperature 
Degrees Fahrenheit 
250 F or less 
300 F 
350 F 
400 F 
450 F 


Note: For intermediate temperatures interpolate for derating factor. 





Table 841.141 
Least Nominal Wall Thicknesses (Inches) 























Nominal Diameter Location Classes (Note 1) Compressor 
(Inches) — $$$ _$_$__— Stations 
1 2,3, &4 
\% 0.068 0.068 0.095 
\4 0.088 0.088 0.119 
% os 0.091 0.091 0.126 < 
% © 0.100 0.109 0.147 & 
34 3S 0.113 0.113 0.154 5 
1 S.£ 0.133 0.133 0.179 = 
14 ZS 0.140 0.140 0.191 
1% “(0.145 0.145 0.200 = 
2 0.154 0.154 0.218 = 
214 0.108 *0.125 0.203 ¢ 
3 0.104 *0).125 0.216 £ 
314 0.104 *0).125 0.226 
4 0.104 #0). 125 0.237 
5 0.104 *0.125 0.250 
6 => 0.104 0.156 . 0.250 
8 5 0.104 0.172 © 0.250 
10 = 0.104 0.188 S 0.250 = 
12 Ss ©0104 0.203 £ 0.250 ¢ 
4 = 0.134 0.210 © 0.250 = 
16 = 0.134 0.219 “3 0.250 = 
18 0.134 0.250 & 0.250 -= 
20 0.134 0.250 0.250 & 
22, 24, 26 0.164 0.250 0.250 
28, 30 0.164 0.281 0.281 
32, 34, 36 0.164 0.312 0.312 
Note 1: If threaded pipe is to be used in those sizes for which le: 


nominal wall thicknesses are given for “plain end pipe only, 


those sizes marked by * shall be increased as follows: 2% in. 


0.208, 3 in. to 0.216, 3% in. to 0.226, 4 in. to 0.237, 5 in. to 0.258, 


and add 0.100 in. to all other wall thicknesses given 
Table 841.141. 
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841.15 Protection of Pipelines and Mains from Hazards. When 
pipelines and mains must be installed where they will be 
subjected to natural hazards, such as washouts, floods, unstable 
soil, land slides, or other conditions which may cause serious 
movement of, or abnormal loads on the pipeline, reasonable pre- 
caution shall be taken to protect the pipeline, such as increasing 
the wall thickness, constructing revetments, erosion prevention, 
installing anchors, etc. Where pipelines and mains are exposed, 
such as at spans, trestles, and bridge crossings, the pipelines and 
mains shall be reasonably protected by distance or barricades 
from accidental damage by vehicular traffic or other causes. 

841.16 Cover and Casing Requirements Under Railroads, Roads, 

Streets or Highways. 

(a) All buried pipelines, mains, and casings when used, shall 
be installed with a minimum cover of 24 in. unless otherwise pro- 
vided herein. 

(b) Buried pipelines and mains operating at hoop stresses of 
less than 20 percent of the specified minimum yield strength and 
located within private rights-of-way, private thoroughfares, side- 
walks or parkways may be installed with less than the minimum 
cover of 24 in. if it appears that external damage to the pipe will 
not be likely to result. 

(c) Abandoned pipe having a cover less than 24 in. may be 
used as a casing or conduit for pipelines and mains operating at 
hoop stresses less than 20 percent of the specified minimum yield 
strength. 

(d) Buried pipelines and mains installed in areas where farm- 
ing or other operations might result in deep plowing, or in 
thoroughfares or other locations where grading is done, or where 
the area is subject to erosion, should be provided with more cover 
than the minimum otherwise required. 

(e) Where it is impractical to comply with the provisions of 
841.16(a) and it is necessary to prevent damage from external 
loads, the pipe shall be cased or bridged. 

(f) Casings shall be designed to withstand the superimposed 
loads. Where there is a possibility of water entering the casing, 
the ends of the casing shall be sealed. If the end sealing is of a 
type that will retain the full pressure of the pipe, the casing shall 
be designed for the same pressure as the pipe but according to 

lype A construction requirements. Venting of sealed casings is 
not mandatory; however, if vents are installed they should be pro- 
tected from the weather to prevent water from entering the casing. 
841.161 Clearance Between Pipeline or Mains and Other 
Underground Structures. 

There should be at least 2 in. clearance wherever possible be- 
tween any gas main or pipeline and any other underground struc- 
ture not used in conjunction with the pipeline or main. When 
this clearance cannot be attained, other suitable precautions to 
protect the pipe shall be taken, such as the installation of insulat- 
ing material, installation of casing, etc. 

841.171 Corrosion Factors for Design of Steel Pipelines, and 
Mains. 

(a) The design procedures prescribed by this code for pipe- 
lines and mains are applicable without modification only when 
the gas transported is substantially noncorrosive; and the soil in 
which the pipeline is installed is either substantially noncorrosive, 
or suitable steps are taken to mitigate external corrosion. 

(b) If a corrosive gas is to be transported, or if suitable means 
of preventing external corrosion in corrosive soils are not to be 
provided, the thickness of the pipe shall be increased to provide 
an allowance for corrosion. The minimum corrosion allowances 
to be provided in any such case shall not be less than .05 in. for 
external corrosion and .075 in. for internal corrosion. If both 
external and internal corrosion are to be expected, add both 
allowances. 

(c) If the thickness obtained by adding the required allowance 
to the thickness computed by equation 841.1 does not exceed the 
least allowable wall thickness prescribed in Table 841.141, at 
least the thickness given in that table shall be used. 

(cd) If the maximum hoop stress due to gas pressure is less than 
20 percent of the specified minimum yield strength, allowance for 
Corrcsion is not mandatory. However, the installation in corro- 
sive soil of unprotected pipe with wall thickness as thin as per- 
Mitte’ by Table 841.141 is not recommended even for low- 
Press'\re distribution systems. 


841.172 Internal Corrosion Criteria 

(a) For the purposes of this code, any fuel gas of commercial 
grade, the water dew point of which is at all times below pipe- 
line temperature, shall be considered to be substantially non- 
corrosive unless experience with it has indicated otherwise. 

(b) Some fuel gases may be substantially noncorrosive even 
though their water dew point exceeds pipeline temperatures. Such 
gas shall, however, be assumed to be noncorrosive only if proven 
so by careful tests or experience. 
841.173 External Corrosion Criteria. Suitable investigation shall 

be made, and if it indicates that protection from ex- 

ternal corrosion is needed, steel pipelines or mains shall be pro- 
tected by any recognized method or combination of methods, 
such as coating with protective material, application of cathodic 
protection, and electrical bonding or isolation of sections. 


Installation of Steel Pipelines and Mains 


841.21 Construction Specifications. All construction work per- 
formed on piping systems in accordance with the re- 
quirements of this code shall be done under construction specifi- 
cations. Preferably the construction specifications shall cover 
all phases of the work and should be in sufficient detail to cover 
the requirements of this code. 


inspection Provisions 
841.221 The operating company shall make provision for suit- 
able inspection. Inspectors shall be qualified by either 
experience or training. 
841.222 The installation inspection provisions for pipelines and 
other facilities to operate at hoop stresses of 20 percent 
or more of the specified minimum yield strength should be ade- 
quate either to make possible the following inspections at suffi- 
ciently frequent intervals or to do other things that will assure 
good quality of workmanship. 

(a) Inspect the surface of the pipe for serious surface defects 
just prior to the coating operation. See 841.242(a). 

(b) Inspect the surface of the coated pipe as it is lowered into 
the ditch to find coating lacerations that indicate the pipe might 
have been damaged after being coated. Damage during the low- 
ering-in process should be found during this inspection. 

(c) Inspect the fit-up of the joints before the weld is made. 

(d) Visually inspect the stringer beads before subsequent beads 
are applied. 

(e) Inspect the completed welds before they are covered with 
coating. 

(f) Inspect the condition of the ditch bottom just before the 
pipe is lowered in. 

(g) Inspect the fit of the pipe to the ditch before backfilling. 

(h) Inspect all repairs, replacements or changes ordered be- 
fore they are covered up. 

(i) Perform such special tests and inspections as are required 
by the specifications, such as the radiographing of a portion of 
the welds and the electrical testing of the protective coating. 
841.223 The inspector shall have authority to order the re- 

moval and replacement of any section that fails to meet 
the standards of this code. 


Miscellaneous Operations Involved in the 
Installation of Steel Pipelines and Mains 


841.271 Handling, Hauling and Stringing. Care should be taken 

in the selection of the handling equipment and in hand- 
ling, hauling, unloading, and placing the pipe so as not to damage 
the pipe. 
841.272 Installation of Pipe in the Ditch. On pipelines operating 
at stresses of 20 percent or more of the specified mini- 
mum yield strength, it is very important that stresses induced into 
the pipeline by construction be minimized. This includes grading 
the ditch so that the pipe has a firm substantially continuous 
bearing on the bottom of the ditch. The pipe shall fit the ditch 
without the use of external force to hold it in place until the 
backfill is completed. When long sections of pipe that have been 
welded alongside the ditch are lowered in, care shall be exercised 
so as not to jerk the pipe or impose any strains that may kink 
or put a permanent bend in the pipe. Slack loops are not pro- 
hibited by this paragraph where laying conditions render their 
use advisable. 
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841.273 


Backfilling. 
(a) Backfilling should be performed in a manner to 
provide firm support under the pipe. 

(b) If there are large rocks in the material to be used for back- 
fill, care should be used to prevent damage to the coating, by 
such means as the use of rock shield material, or by making the 
initial fill with rock free material to a sufficient depth over the 
pipe to prevent rock damage. 

(c) Where flooding of the trench is done to consolidate the 
backfill, care shall be exercised to see that the pipe is not floated 
from its firm bearing on the trench bottom. 

841.274 Hot Taps. All hot taps shall be installed by trained 
and experienced crews. 


Precautions to Avoid Explosions of Gas-Air 
Mixtures or Uncontrolled Fires During 
Construction Operations 


841.281 Operations such as gas or electric welding and cutting 
with cutting torches can be safely performed on pipe- 
lines and mains and auxiliary equipment, provided that they are 
completely full of gas, or air that is free from combustible ma- 
terial. Steps shall be taken to prevent a mixture of gas and air at 
all points where such operations are to be performed. 

841.282 When a pipeline or main can be kept full of gas during 

a welding or cutting operation, the following proce- 
dures are recommended: 

(a) Keep a slight flow of gas moving toward the point where 
cutting or welding is being done. 

(b) The gas pressure at the site of the work shall be controlled 
by suitable means. 

(c) Close all slots or open ends immediately after they are cut, 
with tape, and/or tightly fitted canvas or other suitable material. 

(d) Do not permit two openings to remain uncovered at the 
same time. This is doubly important if the two openings are at 
different elevations. 

841.283 No welding or acetylene cutting should be done on a 

pipeline, main or auxiliary apparatus that contains air 
if it is connected to a source of gas, unless a suitable means has 
been provided to prevent the leakage of gas into the pipeline or 
main. 
841.284 In situations where welding or cutting must be done 
on facilities which are filled with air and connected to 
a source of gas and the precautions recommended above cannot 
be taken, one or more of the following precautions, depending 
upon circumstances at the job, are suggested: 

(a) Purging of the pipe or equipment upon which welding or 
cutting is to be done, with combustible gas or inert gas. 

(b) Testing of the atmosphere in the vicinity of the zone to 
be heated before the work is started and at intervals as the work 
progresses, with a combustible gas indicator or by other suitable 
means. 

(c) Careful verification before the work starts that the valves 
that isolate the work from a source of gas do not leak. 

841.285 Purging of Pipelines and Mains. 

(a) When a pipeline or main full of air is placed in 
service, the air in it can be safely displaced with gas provided 
that a moderately rapid and continuous flow of gas is introduced 
at one end of the line and the air is vented out the other end. 
The gas flow should be continued without interruption until the 
vented gas is free from air. The vent should then be closed. 

(b) In cases where gas in a pipeline or main is to be displaced 
with air and the rate at which air can be supplied to the line is too 
small to make a procedure similar to, but the reverse of that de- 
scribed in 841.285(a) feasible, a slug of inert gas should be in- 
troduced to prevent the formation of an explosive mixture at 
the interface between gas and air. Nitrogen or carbon dioxide 
can be used for this purpose. 

(c) If a pipeline or main containing gas is to be removed, the 
operation may be carried out in accordance with 841.282 or the 
line may be first disconnected from all sources of gas and then 
thoroughly purged with air, water or with inert gas before any 
further cutting or welding is done. 

(d) If a gas pipeline or main or auxiliary equipment is to be 
filled with air after having been in service and there is a reason- 
able possibility that the inside surfaces of the facility are wetted 





with a volatile inflammable liquid, or if such liquids might have 
accummulated in low places, purging procedures designed tc 
meet this situation shall be used. Steaming of the facility until al 
combustible liquids have been evaporated and swept out i 
recommended. Filling of the facility with an inert gas and keep 
ing it full of such gas during the progress of any work that migh' 
ignite an explosive mixture in the facility is an alternatve recom 
mendation. The possibility of striking static sparks within th 
facility must not be overlooked as a possible source of ignition 
841.286 Whenever the accidental ignition in the open air of « 
gas-air mixture might be likely to cause personal injury 
or property damage, precautions shall be taken as, for example 
(a) Prohibit smoking and open flames in the area, and 
(b) Install a metallic bond around the location of cuts in gas 
pipes to be made by other means than cutting torches, and 
(c) Take precautions to prevent static electricity sparks, and 
(d) Provide a fire extinguisher of a class approved by the 
National Fire Protection Association, or the National Board of 
Fire Underwriters. 


Testing After Construction 


841.31 General Provisions. All pipelines, mains and _ services 
shall be tested after construction, except as follows: 

Tie-ins. Because it is sometimes necessary to divide a pipeline 
or main into test sections and install test heads, connecting piping, 
and other necessary appurtenances for testing, it is not required 


that the tie-in sections of pipe be tested. 


Test Requirements 


841.41 Test Required to Prove Strength of Pipelines and Mains 
to Operate at Hoop Stresses of 30 Percent or More of 
the Specified Minimum Yield Strength of the Pipe. 
841.411 All pipelines and mains to be operated at a hoop stress 
of 30 percent or more of the specified minimum yield 
strength of the pipe shall be given a field test to prove strength 
after construction and before being placed in operation. 








Table 841.412(d) 

Test Requirements for Pipelines and Mains to Operate al 
Hoop Stresses of 30 Percent or More of the Specified Minimum 
Yield Strength of the Pipe 








1 2 3 4 5 
Prescribed Test Pressure Maximum Allowable 





Location Permissible Operating Pressure, 
Class Test Fluid Minimum Maximum the lesser of 
l Water 1.1xm.0.p. none (t.p.+ 1.1 
Air 11lxm.o.p. 1.1.x d.p. {or d.p. 
Gas llxm.o.p. 1.1.x d.p. 
2 Water 1.25xm.o.p. None {t.p.+1.25 
Air 1.25xm.o.p. 1.25 x dp. \or dp. 
3 Water 1.40 x m.o.p. None t.p.+1.40 
or d.p. 
4 Water 1.40 x m.o.p. None t.p.+1.40 
or d.p. 
m.0.p. = maximum operating pressure (not necessarily the maximun 


allowable operating pressure) 
d.p. = design pressure 
t.p. = test pressure 


Note 1. This table brings out the relationship between test pressures 
and maximum allowable operating pressures subsequent to 
the test. If an operating company decides that the maximum 
operating pressure will be less than the design pressure a cor 
reponding reduction in prescribed test pressure may be :nade 
as indicated in Column 3. However, if this reduced test pres 
sure is used the maximum operating pressure cannot later be 
raised to the design pressure without retesting the line t. the 
test pressure precribed in Column 4. See 805.14, 845.22 and 845.23. 
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‘41.412 (a) Pipelines and mains located in Location Class 1 
shall be tested either with air or gas to 1.1 times the 
naximum operating pressure or hydrostatically to at least 1.1 
imes the maximum operating pressure. See 841.5. 

(b) Pipelines or mains located in Location Class 2 shall be 
‘ested either with air to 1.25 times the maximum operating pres- 
‘ure or hydrostatically to at least 1.25 times the maximum oper- 
ating pressure. See 841.5. 

(c) Pipelines and mains in Location Classes 3 and 4 shall be 
tested hydrostatically to a pressure not less than 1.4 times the 
maximum operating pressure. 

(d) The test requirements given in 841.412(a), (b) and (c) 
above are summarized in Table 841.412 (d). 

841.413 Requirements of 841.412 (c) for hydrostatic testing of 

mains and pipelines in Location Classes 3 and 4 do not 
apply if at the time the pipeline or main is first ready for test, one 
or both of the following conditions exist: 

(a) The ground temperature at pipe depths is 32 F or less, or 
might fall to that temperature before the hydrostatic test could 
be completed, or 

(b) Water of satisfactory quality is not available in sufficient 
quantity. 

(c) In such cases an air test to 1.1 times the maximum operat- 
ing pressure shall be made and the limitations on operating 
pressure imposed by 841.412(d) above do not apply. 

841.414 Other provisions of this code notwithstanding, pipelines 
and mains crossing highways and railroads may be 
tested in each case in the same manner and to the same pressure 
as the pipeline on each side of the crossing. 
841.415 Oither provisions of this code notwithstanding, fabri- 
cated assemblies, including mainline valve assemblies, 
cross connections, river crossing headers, etc., installed in pipe- 
lines in Class 1 locations and designed in accordance with Type 
B construction, as required in 841.142, may be tested as required 
for Class 1 locations. 
841.416 Nothwithstanding the limitations on air testing imposed 
in 841.412 (c), air testing may be used in Location 
Classes 3 and 4, provided that all of the following conditions 
apply: 

(a) The maximum hoop stress during test is less than 50 per- 
cent of the specified minimum yield strength in Class 3 locations, 
and less than 40 percent of the specified minimum yield strength 
in Class 4 locations. 

(b) The maximum pressure at which the pipeline or main is 
to be operated does not exceed 80 percent of the maximum field 
test pressure used. 

(c) The pipe involved is new pipe having a longitudinal joint 
factor E in Table 841.12 of 1.00. 

841.42 Tests Required to Prove Strength for Pipelines and 

Mains to Operate at Less than 30 Percent of the Speci- 
fied Minimum Yield Strength of the Pipe, but in Excess of 
100 psi. Steel piping that is to operate at stresses less than 30 
percent of the specified minimum yield strength but in excess 
of 100 psi in location classes 2, 3 and 4 shall be tested to at 
least 1.5 times the maximum operating pressure. The test medium 
used may be water, air or gas; provided, however, that no medium 
shall be used to a higher hoop stress during the test than the 
maximums set in Table 841.421. 


Leak Tests for Pipelines or Mains 
to Operate at 100 psi or More 








841.431 Each pipeline and main shall be tested after construc- 
tion and before being placed in operation to demon- 
Table 841.421 
Maximum Hoop Stress Permissible During Test. 
Percent of Specified 
Minimum Yield Strength 
Loca’ ion class l 2 3 4 
Test nedium 
ater No No No No 
max. max. max. max. 
r 79.2 75 50 40 
Cas 79.2 30 30 30 
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strate that it does not leak. If the test indicates that a leak exists, 
the leak or leaks shall be located and eliminated, unless it can be 
determined that no undue hazard to public safety exists. 
841.432 The test procedure used shall be capable of disclosing 
all leaks in the section being tested and shall be selected 
after giving due consideration to the volumetric content of the 
section and to its location. 
841.433 In all cases where a line is to be stressed in a strength- 
proof test to 20 percent or more of the specified mini- 
mum yield strength of the pipe, and gas or air is the test medium, 
a leak test shall be made at a pressure in the range from 100 psi 
to that required to produce a hoop stress of 20 percent of the 
minimum specified yield, or the line shall be walked while the 
hoop stress is held at approximately 20 percent of the specified 
minimum yield. 


Leak Tests for Pipelines and Mains 
to Operate at Less Than 100 psi 


841.441 At the time of or prior to placing in operation distribu- 
tion mains and related equipment to operate at less 
than 100 psi, they shall be tested to determine that they are 
gas-tight. 
841.442 Gas may be used as the test medium at the maximum 
pressure available in the distribution system at the time of the 
test. In this case the soap bubble test may be used to locate leaks 
if all joints are accessible during the test. 
841.443 Testing at available distribution system pressures as 
provided for in 841.442 may not be adequate if sub- 
stantial protective coatings are used that would seal a split pipe 
seam. If such coatings are used, the leak test pressure shall be 
100 psi. 
841.5 Safety During Test. All testing of pipelines and mains 
after construction shall be done with due regard for the 
safety of employees and the public during the test. When air 
or gas is used, suitable steps shall be taken to keep persons not 
working on the testing operations out of the testing area during 
the period in which the hoop stress is first raised from 50 percent 
of the specified minimum yield to the maximum test stress, and 
until the pressure is reduced to the maximum operating pressure. 


CAST IRON 


Cast Iron Pipe Design 


842.11 Basic Equation to Determine Required Wall Thickness. 
Cast iron pipe shall be designed in accordance with the 
methods set forth in the ASA A21.1 “American Recommended 
Practice Manual for the Computation of Strength and Thickness 
of Cast Iron Pipe.” 
842.12 Maximum Allowable Values of S and R. The values of 
S, bursting tensile strength, and R, modulus of rupture, 
to be used in the equations given in ASA A21.1 are: 








S R 


Bursting Modulus of 
Specification Type of Pipe Tensile Strength Rupture 
ASA A21.3 Pit Cast 11,000 psi 31,000 psi 
ASA A21.7 Centrifugal 18,000 psi 40,000 psi 
(Metal Mold) 
ASA A21.9 Centrifugal 18,000 psi 40,000 psi 


(Sand-lined Mold) 





842.13 Allowable Thicknesses for Cast Iron Pipe. The least 
cast iron pipe thicknesses permitted are the lightest 
standard classes for each nominal pipe size as shown in ASA 
Specifications A21.3, A21.7 and A21.9. 
842.14 Standard Thickness for Cast Iron Pipe. The wall thick- 
ness, diameter, and maximum working pressure per- 
mitted under ASA A21.1 for the type and sizes of cast iron pipe 
most commonly used for gas piping are shown in Tables 842.141 
and 842.142. For pipe sizes, pressure, thicknesses, or laying con- 
ditions now shown in these tables, reference should be made to 
ASA A21.1 for the method of calculation. 
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Cast Iron Pipe Joints 


842.15 (a) Caulked Bell and Spigot Joints. Dimensions for 

caulked bell and spigot joints shall conform to the 
American Standards Association Specifications A21.3, A21.7, 
A21.9 and A21.10. This type of joint shall not be used for pres- 
sures in excess of 25 psig, unless reinforced with mechanical 
clamps. 

(b) Mechanical Joints. Mechanical joints shall utilize gaskets 
made of a resilient material as their sealing medium. The ma- 
terial selected for gaskets shall be of a type not adversely affected 
by the gas or condensates in the main. The gaskets shall be suit- 
ably confined and retained under compression by a separate 
gland or follower ring. A joint of this type is shown in ASA Spe- 
cification A21.11. 

(c) Threaded Joints. The use of threaded joints to couple 
lengths of cast iron pipe is not recommended. 

(d) Flanged Joints. The dimensions and drilling for flanges 
shall conform to the ASA B-16 series of the American Standard 
for Cast Iron Pipe Flanges and Flanged Fittings. Flanges shall be 
cast integrally with fittings or valves. 

(e) Special Joints. Special joints are not prohibited provided 
they are properly qualified and utilized in accordance with appro- 
priate provisions of this code. 


Installation of Cast Iron Pipe 


842.21 Underground cast iron pipe shall be laid in accordance 

with the applicable field conditions described in the ASA 

“American Recommended Practice Manual” A21.1. 

842.22 Underground cast iron pipe shall be installed with a 
minimum cover of 24 in. unless prevented by other 

underground structures. 

842.23 Where sufficient cover cannot be provided to protect 
the pipe from external loads or damage and the pipe 

is not designed to withstand such external loads, the pipe shall 

be cased or bridged to protect the pipe. 

842.24 Cast iron pipe installed in unstable soils shall be pro- 

vided with suitable supports. 

Suitable harnessing or buttressing shall be provided at 

points where the main deviates from a straight line and 

the thrust if not restrained would part the joints. 

842.26 Making and Testing of Cast Iron Field Joints. 

(a) Cast iron pipe joints shall conform to 842.15, and 
shall be assembled according to recognized AWWA, or ASA 
Specifications, or in accordance with the manufacturer’s written 
recommendations. 

(b) Cast iron pipe joints shall be leak tested in accordance with 
841.44 of this code. 


842.25 


PIPE-TYPE AND BOTTLE-TYPE HOLDERS 


844.1 Pipe-Type Holders in Rights-of-Way Not Under Exclu- 
sive Use and Control of the Operating Company. A pipe- 
type holder which is to be installed in streets, highways or in 
private rights-of-way not under the exclusive control and use 
of the operating company shall be designed, installed, and tested 
in accordance with the provisions of this code applicable to a 
pipeline installed in the same location and operated at the same 
maximum pressure. 
844.2 Bottle-type holders shall be located on land owned or 
under the exclusive control and use of the operating 
company. 
844.3 Pipe-Type and Bottle-Type Holders on Property under the 
Exclusive Use and Control of the Operating Company. 
The storage site shall be entirely surrounded with fenc- 
ing to prevent access by unauthorized persons. 
844.32 (a) A pipe-type or bottle-type holder which is to be in- 
stalled on property under the exclusive control and use 
of the operating company shall be designed in accordance with 
construction design factors the selection of which depends upon 
the location class in which the site is situated, the clearance be- 
tween the pipe containers or bottles and the fence, and the maxi- 
mum operating pressure, as follows: 


844.31 


Design Factors 








Holder Minimum Clearance between Minimum Clearance between 


Site Containers and Fenced Containers and Fenced 
Location Boundaries of Site Boundaries of Site 
Class 257 to 1007 100’ or Over 
1 72 72 
2 .60 12 
3 60 60 
4 


40 40 


(b) The minimum clearance between containers and the fenced 
boundaries of the site is fixed by the maximum operating pres- 
sure of the holder as follows: 


Maximum 


Minimum 
Operating Pressure Clearance 
Less than 1000 pal................ 25 ft 


1000 psi or more................. 100 ft 


(c) Minimum clearance between pipe containers or bottles. The 
minimum distance in inches between pipe containers or bottles 
shall be determined by the following formula: 





sai x SE" 
- 1000 
in which: 
C = Minimum clearance between pipe containers or bottles in 
inches. 


D = Outside diameter of pipe container or bottle in inches. 
P = Maximum allowable operating pressure in pounds per 
square inch gage. 
“F”— Design Factor 

(d) Pipe containers shall be installed underground with the 
top of each container not less than 24 in. below the ground sur- 
face. 

(e) Bottles shall be installed underground with the top of each 
container below the normal frost line but in no case closer than 
24 in. to the surface. 

(f) Pipe-type holders shall be tested in accordance with the 
provisions of 841.41 for a pipeline located in the same location 
class as the holder site; provided, however, that in any case where 
the test pressure will produce a hoop stress of 80 percent or more 
of the specified minimum yield strength of the pipe, water shall be 
used as the test medium. 


Special Provisions Applicable to 
Bottle-type Holders Only 


844.41 A bottle-type holder may be manufactured from steel 
which is not weldable under field conditions, subject to 
all the following limitations. 

(a) Bottle-type holders made from alloy steel shall meet the 
chemical and tensile requirements for the various grades of steel 
in API Standard 5A, “Specification for Casing, Tubing and Drill 
Pipe,” or ASTM A372, “Specification for Carbon and Alloy Steels 
for Pressure Vessel Shells.” 

(b) In no case shall the ratio of actual yield strength to actual 
tensile strength exceed .85. 

(c) Welding shall not be performed on such bottles after they 
have been heat treated and/or stress relieved, except that it shall 
be permissible to attach small copper wires to the small diameter 
portion of the bottle end closure for cathodic protection pur- 
poses using a localized thermit welding process. 

(d) Such bottles shall be given a hydrostatic test in the mill, 
and need not be re-tested hydrostatically at the time of installa- 
tion. The mill test pressure shall not be less than that required 
to produce a hoop stress equal to 85 percent of the specified mini- 
mum yield strength of the steel. Careful inspection of the bottles 
at the time of installation shall be made and no damaged bottle 
shall be used. 

(e) Such bottles and connecting piping shall be tested for 
tightness after installation using air or gas at a pressure of 50 
psi above the maximum operating pressure. 
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General Provisions Applicable to Both 
Pipe-type and Bofttle-type Holders 


(a) Suitable measures shall be taken to protect the storage 
ystem against external corrosion. (See 841.17) 

(b) No gas containing more than 0.1 grain of hydrogen sulfide 
per 100 cu ft at 14.7 psia and 60 F shall be stored. 

(c) Provision shall be made to prevent the formation or ac- 
cumulation of liquids in the holder, connecting piping and auxil- 
iary equipment, that might cause corrosion or might interfere 
with the safe operation of the storage equipment. Relief valves 
shall be installed in accordance with provisions of this code which 
will have relieving capacity adequate to limit the pressure imposed 
on the filling line and thereby on the storage holder to 110 percent 
of the design pressure of the holder, or to that pressure which 
produces a hoop stress of 75 percent of the specified minimum 
yield strength of the steel, whichever is the lesser. 


CONTROL AND LIMITING OF 
GAS PRESSURE 


845.1 Basic Requirement for Protection Against Accidental 

Over-pressuring. Every pipeline, main, distribution sys- 
tem, customer’s meter and connected facilities, compressor station, 
pipe type holder, bottle type holder, container fabricated from 
pipe and fittings, and all special equipment, if connected to a com- 
pressor or to a gas source where the failure of pressure control 
or other causes might result in a pressure which would exceed 
the maximum allowable operating pressure of the facility (refer 
to 805.14), shall be equipped with suitable pressure relieving or 
pressure limiting devices. Special provisions for service regulators 
are set forth under paragraph 845.5. 


845.2 Contro] and Limiting of Gas Pressure in Holders, Pipe- 
lines, and All Facilities that Might at Times Be Bottle 
Tight. 


845.21 Suitable types of protective devices to prevent over- 


pressuring of such facilities are: 


(a) Spring loaded relief valves of types meeting the provisions 
of the ASME Unfired Pressure Vessel Code. 


{b) Pilot loaded back-pressure regulators used as relief valves, 
so designed that failure of the pilot system or control lines will 
cause the regulator to open. 


845.22 Maximum Allowable Operating Pressure for Pipelines 

or Mains. This pressure is by definition the maximum 
operating pressure to which the pipeline or main may be sub- 
jected in accordance with the requirements of this code. For 
a pipeline or main in good operating condition, the maximum 
allowable operating pressure is the lesser of the two pressures 
described in (a) and (b) below. 

(a) The design pressure (defined in 805.11) of the weakest 
element of the pipeline or main. Assuming that all fittings, 
valves and other accessories in the line have an adequate pres- 
sure rating, the maximum allowable operating pressure of a 
steel pipeline or main shall be the design pressure determined 
in accordance with 841.1. 

(b) The pressure obtained by dividing the pressure to which 
the pipeline or main is tested after construction by the appro- 
priate factor for the location class involved, as follows: 








Location 


Class No. Pressure 
Test Pressure 
1.10 
Test Pressure 
2 ia 
Test Pressure: 
3 140 
Test Pressure: 
‘ ae 





‘Ot er factors than 1.4 should be used if the line was tested under the 
Spe al conditions described in 841.413, 841.416 and 841.42. In such cases 


factors that are consistent with the applicable requirements of these 
Sec: ons, 








(c) In some cases the operating company will consider that 
the maximum operating pressure to which a pipeline or main 
should be subjected is less than the pressure determined by 
either (a) or (b) above. Pipelines that are known to be seri- 
ously corroded or that have other defects seriously affecting their 
strength and which have been operated for years at lower pres- 
sures, fall into this category. In such cases the operating com- 
pany shall decide the maximum pressure it considers safe, and 
shall install over-pressure protective devices designed to prevent 
accidentally exceeding this maximum pressure, if there is a 
reasonable possibility that the pressure will be exceeded. 

(d) If services are connected to the pipeline or main, there 
are additional considerations that might in some cases limit the 
maximum allowable operating pressure of the facility. See 845.33. 


245.23 Qualifying a Pipeline or Main for a New and Higher 

Maximum Allowable Operating Pressure. (Note: This 
paragraph applies to pipelines or mains where the new and higher 
maximum allowable operating pressure will produce a hoop stress 
of 30 percent or more of the specified minimum yield strength 
of the pipe. When the new and higher maximum allowable operat- 
ing pressure is equal to or less than this value the provisions of 
845.34 shall apply.) 

Before increasing the maximum allowable operating pressure 
of a pipeline or main that has been operating for a period of 
several years or more at a pressure less than that determined 
by 845.22(a) above, it is required that: 


(a) The following investigative and corrective measures be 
taken: 


(1) The design and previous testing of the pipeline and the 
materials and equipment in it be reviewed to determine 
that the proposed increase in allowable operating pressure 
is safe and in general agreement with the requirements 
of this code. 


(2) The condition of the line be determined by field inspec- 
tions, examination of maintenance records, or other suit- 
able means. 


(3) Repairs, replacements or alterations in the pipeline dis- 
closed to be necessary by steps (1) and (2) be made. 


‘b) The maximum allowable operating pressure may be 
increased after compliance with (a) above and one of the 
following provisions: 


(1) If the physical condition of the line as determined by 
(a) above indicates that the line is capable of withstand- 
ing the desired increased operating pressure in accordance 
with the design requirements of this code and the line 
has previously been tested to a pressure equal to or 
greater than that required by this code for a new line 
for the proposed new maximum allowable operating pres- 
sure, the line may be operated at the increased maximum 
allowable operating pressure. 


(2) If the physical condition of the line as determined by 
(a) above indicates that the ability of the line to with- 
stand the increased maximum operating pressure has 
not been satisfactorily verified or the line has not been 
previously tested to the levels required by this edition 
of the code for a new line for the proposed new maxi- 
mum allowable operating pressure, the line may be 
operated at the increased maximum allowable operating 
pressure if the line shall successfully withstand the test 
required by this edition of the code for a new line to 
operate under the same conditions. 


(3) If, under the foregoing provisions of (b) above, it is 
necessary to test a pipeline or main before it can be 
up-rated to a new maximum allowable operating pressure, 
and if it is not practical to test the line either because of 
the expense or difficulties created by taking it out of serv- 
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ice, or because of other operating conditions, a new and 

higher maximum allowable operating pressure may be 

established as follows: 

3.1 Perform the requirements of (a) above. 

3.2 Select a new maximum allowable operating pressure 
consistent with the condition of the line and the 
design requirements of this code; provided, however, 
that, 

3.3 In no such case shall the new maximum allowable 
operating pressure exceed 80 percent of that per- 
mitted for a new line of the same design in the same 
location. 

(c) In no case shall the maximum allowable operating pres- 
sure of a pipeline be raised to a value higher than would be 
permitted by this code for a new line constructed of the same 
materials and in the same locations. 

The rate of pressure increase to the new maximum allowable 
pressure should be gradual so as to allow sufficient time for 
periodic observations of the pipeline. 


Control and Limiting of Gas Pressure 
In High-Pressure Distribution Systems 


845.31 Each high-pressure distribution system or main, supplied 
from a source of gas which is at a higher pressure than 
the maximum allowable operating pressure for the system, shall 
be equipped with pressure regulating devices of adequate capac- 
ity, and designed to meet the pressure, load and other service 
conditions under which they will operate or to which they may 
be subjected. 
845.32 In addition to the pressure regulating devices prescribed 
in 845.31, a suitable method shall be provided to pre- 
vent accidental over-pressuring of a high-pressure distribution 
system. ° 

Suitable types of protective devices to prevent overpressuring 
of high pressure distribution systems include: 

(a) Relief valves as prescribed in 845.21 (a) and (b). 

(b) Weight loaded relief valves 

(c) A monitoring regulator installed in series with the pri- 
mary pressure regulator. 

(d) A series regulator installed upstream from the primary 
regulator, and set to continuously limit the pressure on the in- 
let of the primary regulator to the maximum allowable operat- 
ing pressure of the distribution system or less. 

(e) An automatic shut-off device installed in series with the 
primary pressure regulator, and set to shut off when the pressure 
on the distribution system reaches the maximum allowable oper- 
ating pressure, or less. This device must remain closed until man- 
ually reset. It should not be used where it might cause an inter- 
ruption in service to a large number of customers. 


Maximum Allowable Operating Pressure 
For High-Pressure Distribution Systems 


This pressure shall be the maximum pressure to which the 
system can be subjected in accordance with requirements of this 
code. It shall not exceed: 

(a) The design pressure of the weakest element of the system 
as defined in 805.11. 

(b) 60 psig if the services in the system are not equipped with 
series regulators or other pressure limiting devices as prescribed 
in 845.53. 

(c) 25 psig in cast iron systems having unreinforced bell and 
spigot joints as prescribed in 842.15 (a). 

(d) 2 psig in high-pressure distribution systems equipped with 
service regulators not meeting the requirements of 845.51 and 
which do not have an overpressure protective device as required 
in 845.52. 

In some cases the operating company will consider the maxi- 
mum pressure to which a system should be subjected is less than 
the pressure obtained by applying the applicable limits in 845.33 
(a), (b), (c) or (d). Systems that are known to be corroded and 
that have been operated for years at lower pressures than these 
limits fall into this category. In such cases the operating com- 
pany shall decide the maximum pressure it considers safe, and 
shall install over-pressure protective devices to prevent accident- 
ally exceeding this maximum pressure if there is a reasonable 
possibility that the pressure will be exceeded. 








845.34 Qualifying a High-Pressure Distribution System for a 

New and Higher Maximum Allowable Operating Pres- 
sure. Note: This paragraph applies to high-pressure distribution 
mains and to pipelines where the new and higher maximum allow- 
able operating pressure is less than that required to produce a 
hoop stress of 30 percent of the specified minimum yield strength 
of the pipe. When the new and higher maximum allowable oper- 
ating pressure is more than this value the provisions of 845.23 
shall apply. 

(a) Before increasing the maximum allowable operating pres- 
sure of a high-pressure distribution system, that has been operat- 
ing at less than the applicable maximum pressure stated in 845.33, 
to a new maximum allowable operating pressure equal to or less 
than the maximum applicable pressure in 845.33, it is recom- 
mended that the following factors be taken in consideration: 

(1) The design of the system including kinds of material and 
equipment used. 

(2) Past maintenance records including results of any pre- 
vious leakage surveys. 

(b) Before increasing the pressure the following steps should 

be taken: 

(1) Make a leakage survey, if past maintenance records indi- 
cate that such a survey is advisable, and repair leaks 
found. 

(2) Repair or replace parts of the system found to be inade- 
quate for the higher operating pressure. 

(3) If the new maximum allowable operating pressure is to 
be over 60 psig, install suitable devices on the services to 
regulate and limit the pressure of the gas in accordance 
with 845.53. 

(4) At bends or offsets in coupled or bell and spigot pipe, 
reinforce or replace anchorages determined to be inade- 
quate for the higher operating pressure. 

(c) The rate of pressure increase to the new maximum allow- 

able operating pressure should be gradual so as to allow sufficient 
time for periodic observations of the system. 


Control and Limiting of Gas Pressure 
In Low-Pressure Distribution Systems 


845.41 Each low-pressure distribution system or low pressure 
main supplied from a gas source which is at a higher 
pressure than the maximum allowable operating pressure for the 
low-pressure system, shall be equipped with pressure regulating 
devices of adequate capacity, designed to meet the pressure, load 
and other service conditions under which they will have to operate. 
845.42 In addition to the pressure regulating devices prescribed 

in 845.41, a suitable device shall be provided to prevent 
accidental overpressuring. Suitable types of protective devices to 
prevent overpressuring of low pressure distribution systems 
include: 

(a) A liquid seal relief valve that can be set to open accurately 
and consistently at the desired pressure, and to close again when 
the pressure in the distribution system returns to normal. 

(b) Weight loaded relief valves. 

(c) An automatic shut-off device as described in 845.32 (e). 

(d) A pilot loaded back-pressure regulator as described in 
845.21 (b). 

(e) A monitoring regulator as described in 845.32 (c). 

(f) A series regulator as described in 845.32 (d). 

845.43 Maximum Allowable Operating Pressure for Low Pres- 

sure Distribution Systems. The maximum allowable 
operating pressure for a low pressure distribution system shall 
not exceed either (a) or (b) below. 

(a) A pressure which would cause the unsafe operation of any 
connected and properly adjusted low pressure gas burning equip- 
ment, or 

(b) A pressure of 2 psig. 

845.44 Conversion of Low-Pressure Distribution Systems to 
High-Pressure Distribution Systems. 

(a) Before converting a low-pressure distribution system to 
a high-pressure system, it is recommended that the following fac- 
tors be taken into consideration: 

(1) The design of the system including kinds of material and 
equipment used. 

(2) Past maintenance records including results of any pre- 
vious leakage surveys. 
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(b) Before increasing the pressure the following steps (not 
cessarily in sequence shown) should be taken: 

(1) Make a leakage survey, if past maintenance records 
indicate that such a survey is advisable, and repair leaks found. 

(2) Reinforce or replace parts of the system found to be 
inadequate for the higher operating pressures. 

(3) Install a service regulator on each service, and test each 
regulator to determine that it is functioning. In some cases 
it may be necessary to raise the pressure slightly to permit 
proper operation of the service regulator. 

(4) Isolate the system from adjacent low-pressure systems. 

(5) At bends or offsets in coupled or bell and spigot pipe, 
reinforce or replace anchorages determined to be inadequate 
for the higher pressures. 

(c) The pressure in the system being converted should be 
increased by steps, with a period to check the effect of the pre- 
vious increase before making the next increase. The desirable 
magnitude of each increase and the length of the check period 
will vary depending upon conditions. The objective of this 
procedure is to afford an opportunity to discover before exces- 
sive pressures are reached any unknown open and unregulated 
connections to adjacent low-pressure systems or to individual 
customers. 
845.5 Control and Limiting of the Pressure of Gas Delivered to 
Domestic, Small Commercial and Small Industrial Cus- 
tomers from High Pressure Distribution Systems. (Note: When 
the pressure of the gas and the demand by the customer are 
greater than that which is applicable under the provisions of 
845.5, the requirements for control and limiting of the pressure 
of gas delivered are included in 845.1.) 
845.51 If the maximum actual operating pressure of the dis- 
tribution system is between 2 psig and 60 psig and a 
service regulator having the characteristics listed below is used, 
no other pressure limiting device is required: 

(a) A pressure regulator capable of reducing distribution 
line pressure (pounds per square inch) to pressures recom- 
mended for household appliances (inches of water column). 

(b) Single port valve with orifice diameter no greater than 
that recommended by the manufacturer for the maximum gas 
pressure at the regulator inlet. 

(c) The valve seat shall be made of resilient material designed 
to withstand abrasion of the gas, impurities in gas, cutting by 
the valve, and to resist permanent deformation when it is pressed 
against the valve port. 

(d) Pipe connections to the regulator shall not exceed 2 in. 
in diameter. 

(e) The regulator must be of a type that is capable under 
normal operating conditions of regulating the downstream pres- 
sure within the necessary limits of accuracy and of limiting the 
build-up of pressure under no-flow conditions to 50 percent or 
less of the discharge pressure maintained under flow conditions. 

(f) A self-contained service regulator with no external static 
or control lines. 

845.52 If the maximum actual operating pressure of the distri- 

bution system is between 2 psig and 60 psig and a 
service regulator not having all of the characteristics listed in 
845.51 is used, or if the gas contains materials that seriously inter- 
fere with the operation of service regulators, suitable protective 
devices shall be installed to prevent accidental overpressuring of 
the customer’s appliances should the service regulator fail. Some 
of the suitable types of protective devices to prevent overpressur- 
ing of customer’s appliances are: 


i] 


(a) A monitoring regulator 
(b) A relief valve 
(c) An automatic shut-off device 


These devices may be installed as an integral part of the service 
regulator or as a separate unit. 
845.53 If the maximum actual operating pressure of the dis- 
tribution system exceeds 60 psig, suitable methods shall 
be used to regulate and limit to the maximum safe value, the 
Pressure of the gas delivered to the customer, such as the fol- 
lowing: 
(a) A service regulator having the characteristics listed in 
845.51 above and a secondary regulator located upstream from 
the service regulator. The secondary regulator in no case shall be 


set to maintain a pressure higher than 60 psi. A device shall be 
installed between the secondary regulator and the service regu- 
lator to limit the pressure on the inlet of the service regulator to 
60 psi or less in case the secondary regulator fails to function 
properly. This device may be either a relief valve, or an automatic 
shut-off that shuts, if the pressure on the inlet of the service regu- 
lator exceeds the set pressure (60 psi or less), and remains closed 
until manually reset. 


(b) A service regulator and a monitoring regulator set to limit 
to a maximum safe value the pressure of the gas delivered to 
the customer. 

(c) A service regulator with a relief valve vented to the out- 
side atmosphere, with the relief valve set to open so that the 
pressure of the gas going to the customer shall not exceed a 
maximum safe value. The relief valve may either be built into 
the service regulator or it may be a separate unit installed down- 
stream from the service regulator. This combination may be 
used alone only in those cases where the inlet pressure on the 
service regulator does not exceed the manufacturer’s safe work- 
ing pressure rating of the service regulator, and is not recom- 
mended for use where the inlet pressure on the service regulator 
exceeds 125 psi. For higher inlet pressures, method (a) or (b) 
above should be used. 


Requirements for Design of All Pressure 
Relief and Pressure Limiting Installations 


845.61 All pressure relief or pressure limiting devices shall: 

(a) Be constructed of materials such that the operation 
of the device will not normally be impaired by corrosion of ex- 
ternal parts by the atmosphere, or of the internal parts by gas. 

(b) Have valves and valve seats that are designed not to stick 
in a position that will make the device inoperative and result in 
failure of the device to perform in the manner for which it was 
intended. 

(c) Be designed and installed so that they can be readily oper- 
ated to determine if the valve is free; and can be tested to deter- 
mine the pressure at which they will operate; and can be tested 
for leakage when in the closed position. 


845.62 The discharge stacks, vents, or outlet ports of all pres- 

sure relief devices shall be located where gas can be 
discharged into the atmosphere without undue hazard. Considera- 
tion shall be given to all exposures in the immediate vicinity. 
Where required to protect devices, the discharge stacks, or vents, 
shall be protected with rain caps to preclude the entry of water. 


845.63 The size of the openings, pipe and fittings located be- 
tween the system to be protected and the pressure 
relieving device, and the vent line, shall be of adequate size to 
prevent hammering of the valve and to prevent impairment of 
relief capacity. 
845.64 Precautions shall be taken to prevent unauthorized oper- 
ation of any stop valve which will make a pressure relief 
valve inoperative. This provision shall not apply to valves, the 
operation of which will isolate the system under protection from 
its source of pressure. Acceptable methods for complying with 
this provision are: 

(a) Lock the stop valve in the open position. Instruct author- 
ized personnel of the importance of not inadvertently leaving the 
stop valve closed and of being present during the entire period 
that the stop valve is closed so that they can lock it in the open 
position before they leave the location. 

(b) Install duplicate relief valves, each having adequate capac- 
ity by itself to protect the system, and arrange the isolating valves 
or 3-way valve so that mechanically it is possible to render only 
one safety device inoperative at a time. 

845.65 Precautions shall be taken to prevent unauthorized oper- 
ation of any valve which will make pressure limiting de- 
vices inoperative. This provision applies to isolating valves, by-pass 
valves, and valves on control or float lines which are located be- 
tween the pressure limiting device and the system which the 
device protects. A method similar to 845.64 (a) shall be con- 
sidered acceptable in complying with this provision. 
845.66 (a) When a monitoring regulator, series regulator, sys- 
tem relief or system shut-off, is installed at a district 
regulator station to protect a piping system from overpressuring, 
the installation shall be designed and installed to prevent any 
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single incident such as an explosion in a vault or damage by a 
vehicle from affecting the operation of both the overpressure pro- 
tective device and the district regulator. 

(b) Special attention shall be given to control lines. All con- 
trol lines shall be protected from falling objects, excavations by 
others, or other foreseeable causes of damage and shall be de- 
signed and installed to prevent damage to any one control line 
from making both the district regulator and the overpressure pro- 
tective device inoperative. 


Required Capacity of Pressure Relieving and 
Pressure Relief Devices 


845.71 Each pressure relief station or pressure limiting station 
or group of such stations installed to protect a piping 
system or pressure vessel shall have sufficient capacity and shall 
be set to operate to prevent the pressure from exceeding the maxi- 
mum allowable operating pressure, plus 10 percent, or the pres- 
sure which produces a hoop stress of 75 percent of the specified 
minimum yield strength, whichever is lower, or in a low pressure 
distribution system, a pressure which would cause the unsafe 
operation of any connected and properly adjusted gas burning 
equipment. 
845.72 When more than one pressure regulating or compressor 
station feeds into a pipeline or distribution system and 
pressure relief devices are installed at such stations, the relieving 
capacity at the remote stations may be taken into account in 
sizing the relief devices at each station. However, in doing this 
the assumed remote relieving capacity must be limited to the 
capacity of the piping system to transmit gas to the remote loca- 
tion or to the capacity of the remote relief device, whichever is 
less. 


Proof of Adequate Capacity and Satisfactory 
Performance of Pressure Limiting and 
Pressure Relief Devices 


845.81 Where the safety device consists of an additional regu- 
lator which is associated with or functions in combination 
with one or more regulators in a series arrangement to control or 
limit the pressure in a piping system, suitable checks shall be 
made to determine that the equipment will operate in a satisfac- 
tory manner to prevent any pressure in excess of the established 
maximum allowable operating pressure of the system should any 
one of the associated regulators malfunction or remain in the 
wide open position. 
845.82 Suitable checks shall be made periodically to insure that 
the combined capacity of the relief devices on a piping 
system or facility is adequate to limit the gas pressure at all times 
to values prescribed by this code. This check should be based on 
the operating conditions that create the maximum probable re- 
quirement for relief capacity in each case, even though such 
operating conditions actually occur infrequently and/or for only 
short periods of time. 


CUSTOMERS’ METERS AND REGULATORS 


Location for Customers’ Meter and 
Regulator Installations 


846.1 (a) Customers’ meters and regulators may be located 
either inside or outside of buildings, depending upon local 
conditions, except, that on services requiring series regulation, in 
accordance with 845.53 (a), the upstream regulator shall be 
located outside of the building. 

(b) When installed within a building, the service regulator 
shall be in a readily accessible location near the point of gas 
service entrance and, whenever practical, the meters shall be in- 
stalled at the same location. Meters shall not be installed in bed- 
rooms, closets, bathrooms, under combustible stairways or in 
unventilated or inaccessible places, nor closer than three feet to 
sources of ignition, including furnaces and water heaters. On 
services supplying large industrial customers or installations 
where gas is utilized at higher than standard service pressure, the 
regulators may be installed at other readily accessible locations. 

(c) When located outside of buildings, meters and service 
regulators shall be installed in readily accessible locations where 
they will be reasonably protected from damage. 





(d) Regulators requiring vents for their proper and effectiv: 
operation shall be vented to the outside atmosphere in accordanc: 
with the provisions of 846.33. 

846.2 Operating Pressures for Customers’ Meter Installation: 

Iron or aluminum case meters shall not be used at a 
maximum operating pressure higher than the manufacturer's 
rating for the meter. New tinned steel case meters shall not te 
used at a pressure in excess of 50 percent of the manufacturer's 
test pressure; rebuilt tinned steel case meters shall not be used at 
a pressure in excess of 50 percent of the pressure used to test the 
meter after rebuilding. 


Protection of Customers’ Meters and 
Regulator Installations from Damage 


846.31 Meters and service regulators shall not be installed where 

rapid deterioration from corrosion or other causes is 

likely to occur. 

846.32 A suitable protective device such as a backpressure regu- 
lator, or a check valve, shall be installed downstream of 

the meter if and as required under the following conditions: 

(a) If the nature of the utilization equipment is such that it 
may induce a vacuum at the meter, install a back-pressure regu- 
lator downstream from the meter. 

(b) Install a check valve or equivalent if: 

The utilization equipment might induce a back-pressure. 

The gas utilization equipment is connected to a source of oxy- 
gen or compressed air. 

Liquefied petroleum gas or other supplementary gas is used as 
standby and might flow back into the meter. A three-way valve 
installed to admit the standby supply and at the same time shut 
off the regular supply, can be substituted for a check valve if 
desired. 

846.33 All service regulator vents, and relief vents where re- 
quired, shall terminate in the outside air in rain and 
insect resistant fittings. The open end of the vent shall be located 
where, if a regulator failure resulting in the release of gas occurs, 
the gas can escape freely into the atmosphere and away from any 
openings into the buildings. At locations where service regulators 
might be submerged during floods, either a special anti-flood type 
breather vent fitting shall be installed, or the vent line shall be 
extended above the height of the expected flood waters. 
846.34 Pits and vaults, housing customers’ meters and regula- 
tors, shall be designed to support vehicular traffic when 
installed at the following locations: 

(a) Travelled portions of alleys, streets and highways. 

(b) Driveways. 

846.4 Installation of Meters and Regulators. All meters and 

regulators shall be installed in such a manner as to pre- 
vent undue stresses upon the connecting piping and/or the meter. 
Lead connections or other connections made of material which 
can be easily damaged, shall not be used. The use of standard 
weight close nipples is prohibited. 


GAS SERVICES 


General Provisions Applicable to 
Both Steel and Copper Services 


847.11 Installation of Services. 

(a) Services shall be installed at a depth which will 
protect them from excessive external loadings, and local activities, 
such as gardening. It is recommended that a minimum depth of 
12 in. in private property and a minimum depth of 18 in. in streets 
and roads be maintained. Where this cannot be done, due to 
existing substructures, etc., less cover is permitted provided, how- 
ever, that where such services are subject to excessive superim- 
posed loads, those portions of the service shall be cased or bridged 
to avoid harmful additional loads on the pipe, or strengthened to 
resist them. 

(b) Service piping shall be properly supported at all points on 
undisturbed or well compacted soil, so that the pipe will not be 
subject to excessive external loading by the backfill. The material 
used for the backfill shall be free of rocks, building materials, 
etc., that might cause damage to the pipe or the protective coating. 

(c) Where there is evidence of condensate in the gas in suffi- 
cient quantities to cause interruptions in the gas supply to the 
customer, the service shall be graded so as to drain in the main 
or to drip at the low points in the service. 
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87.12 Types of Valves Suitable for Service Shut-offs. 
(a) Valves or cocks used as service shut-offs shall meet 
the applicable requirements of 810 and 831.11. 

(b) The use of soft seat shut-off valves or cocks is not 
recommended. 

(c) A valve incorporated in a meter bar which permits the 
meter to be by-passed does not qualify under this code as a service 
shut-off. 

(d) Service shut-offs on high pressure services, installed either 
inside of buildings or in confined locations outside of buildings 
where the blowing of gas would be hazardous, shall be designed 
and constructed to minimize the possibility of the removal of the 
core of the valve or cock accidentally or willfully with ordinary 
household tools. 

(e) The operating company shall make certain that the shut-off 
valves or cocks installed on high pressure services are suitable for 
this use either by making their own tests or by reviewing the 
tests made by the manufacturers. 

(f) On services designed to operate at pressures in excess of 
60 psig the service shut-off valve or cock shall be the equivalent 
of a pressure lubricated cock or a needle type valve. Other types 
of valves or cocks may be used where tests by the manufacturer 
or by the user indicate that they are suitable for this kind of 
service. 
847.13 Location of Service Shut-Offs. 

(a) Service shut-offs shall be installed on all new serv- 
ices (including replacements) in a readily accessible location. 

(b) Shut-offs shall be located upstream of the meter if there 
is no regulator, or upstream of the regulator, if there is one. 

(c) All gas services operating at a pressure greater than 10 
psig, and all services 2 in. in diameter or larger, shall be equipped 
with a shut-off located on the service line outside of the building, 
except that whenever gas is supplied to a theatre, church, school, 
factory or other building where large numbers of persons assem- 
ble, an outside shut-off in such case will be required regardless of 
the size of the service or of the service pressure. 

(d) Underground shut-offs shall be located in a covered dur- 
able curb box or standpipe, which is designed to permit ready 
operation of the valve. The curb box or standpipe shall be sup- 
ported independently of the gas service line. 

847.14 Location of Service Connections to Main Piping. It is 
recommended that services be connected to either the 

top or the side of the main. The connection to the top of the main 

is preferred, in order to minimize the possibility of dust and 

moisture being carried from the main into the service. 

847.15 Testing of Services After Construction. Each service 
shall be tested after construction and before being placed 

in service to demonstrate that it does not leak. 

Services to operate at a pressure between 1 psig and 40 psig, 
shall be given a stand-up air or gas pressure test at not less than 
50 psig for at least five minutes before being placed in service. 

Services to operate at pressures in excess of 40 psig, but stressed 
less than 20 percent of the specified minimum yield, shall be tested 
to the maximum operating pressure or 100 psig, whichever is the 
lesser. Services stressed to 20 percent or more of the specified 
minimum yield shall be tested in accordance with the require- 
ments for mains. 

The service connection to the main need not be included in 
these pressure tests if it is not feasible to do so. 


Steel Services 
847.21 Design of Steel Services. 

(a) Steel pipe, when used for gas services, shall conform 
to the applicable requirements of Chapter I. 

(b) Underground steel services, when installed below grade 
through the outer foundation wall of a building, shall be either 
encased in a sleeve or otherwise protected against corrosion. The 
service pipe and/or sleeve shall be sealed at the foundation wall 
to prevent entry of gas or water. 

(c) Steel services, where installed underground under build- 
ings, shall be encased in a gas tight conduit. When such a service 
supplies the building it subtends, the conduit shall extend into a 
normally usable and accessible portion of the building and, at the 
point where the conduit terminates, the space between the con- 
duit and the service pipe shall be sealed to prevent the possible 
entrance of any gas leakage. 
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(d) Where practical, welded joints or compressivn type fit- 
tings should be used in all underground steel services. 

(e) Consideration shall be given to insulating, near or within 
the building, those services which are connected through the 
house piping to water services, electrical ground, etc., so as to 
eliminate possible galvanic corrosion. This is especially important 
in areas where stray current electrolysis is prevalent, or where 
copper or lead water services are used. 

847.22 Installation of Steel Services in Bores. When coated steel 

pipe is to be installed as a service pipe in a bore, care 
should be exercised to prevent damage to the coating during in- 
stallation. For all installations to be made by boring, driving or 
similar methods or in a rocky type soil, the following practices or 
their equivalents are recommended: 

(a) When a service is to be installed by boring or driving and 
a coated steel pipe is to be used for the service, the coated pipe 
should not be used as the bore pipe or drive pipe and left in the 
ground as part of the service. It is preferable to make such in- 
stallations by first making an oversize bore, removing the pipe 
used for boring and then inserting the coated pipe. 

(b) Coated steel pipe preferably should not be inserted through 
a bore in exceptionally rocky soil where there is a likelihood of 
damage to the coating resulting from the insertion. 

847.23 The recommendations in (a) and (b) above do not 
apply when bare steel pipe is used as the service pipe, or 
where coated pipe is installed under conditions where the coating 
is not likely to be damaged, such as in sandy soil. 
847.24 Service Connections to Steel Mains. 
Services may be connected to steel mains by: 

(a) Welding a service tee or similar device to the main. 

(b) Using a service clamp or saddle. 

(c) Compression fittings using rubber or rubber-like gaskets 
or welded connections may be used to connect service pipe to the 
main connection fitting. Gaskets used in a manufactured gas sys- 
tem shall be of a type that resists effectively that type of gas. 


Cast Iron Services 


847.31 Use of Cast Iron Services. When used for gas services, 


cast iron pipe shall meet the applicable requirements of 
842. The use of cast iron pipe less than 6 in. in diameter for gas 
services is prohibited. Cast iron pipe 6 in. or larger in diameter, 
may be used for gas services except for that portion of the service 
which extends through the ouilding wall. The latter portion shall 
be of steel pipe. Cast iron services shall not be installed in un- 
stable soils or under buildings. 
847.32 Service Connections to Cast Iron Mains. Services may 

be connected to cast iron mains by: 

(a) Drilling and tapping the main; provided, however, that the 
diameter of the tapped hole shall not exceed the limitations im- 
posed by 831.33 (b). 

(b) Using a reinforcing sleeve. 


847.321 Service connections shall not be brazed directly to cast 
iron mains. 
847.322 Compression fittings using rubber or rubber-like gas- 


kets or welded connections may be used to connect the 
service pipe to the main connection fitting. Gaskets used in a 
manufactured gas system shall be of a type that resists effectively 
that type of gas. 





Copper Services (and Mains) 


847.41 Copper Pipe Design Requirements. The following re- 


quirements shall apply to copper pipe, or tubing, when 
used for gas mains or services: 

(a) Copper pipe, or tubing, shall not be used for services or 
mains where the pressure exceeds 100 psig. 

(b) Copper pipe, or tubing, shall not be used for services or 
mains where the gas carried contains more than an average of 0.3 
grains of hydrogen sulfide per 100 standard cubic feet of gas. This 
is equivalent to a trace as determined by the lead-acetate test. 

(c) Copper pipe, or tubing, shall not be used for services or 
mains where the piping strain or external loading may be 
excessive. 

(d) Copper services may be installed within buildings, pro- 
vided that the service is not concealed and is suitably protected 
against external damage. 













































































































































































































































































































































































(e) Copper tubing, or pipe for mains, shall have a minimum 
wall thickness of 0.065 in. and shall be hard drawn. 


(f) The minimum wall thickness for copper pipe, or tubing 
used for gas services, shall be not less than Type “L” as specified 
in ASTM specifications for Copper Water Tube, designation B-88. 


(g) Underground copper services, installed through the outer 
foundation wall of a building, shall be either encased in a sleeve, 
or otherwise protected against corrosion. The service pipe, or 
tubing, and/or sleeve shall be sealed at the foundation wall to 
prevent entry of gas or water. 


(h) A copper service, installed underground under buildings, 
shall be encased in a conduit designed to prevent gas leaking from 
the service and getting into the building. Where joints are used, 
they shall be of the brazed or soldered type in accordance with 
847.44. 


847.42 Valves in Copper Lines. Valves installed in copper lines 

may be made of any suitable material permitted by this 
code, except that, ferrous valves installed on underground cop- 
per services shall be protected from contact with the soil and/or 
insulated from the copper pipe. 


847.43 Fittings in Copper Lines. It is recommended that fittings 

in a copper line and exposed to the soil, such as service 
tees, pressure control fittings, etc., be made of bronze, copper or 
brass. If iron or steel fittings are used, they shall be protected as 
specified above for valves. 


847.44 Joints in Copper Pipe and Tubing. Copper pipe shall be 
joined by using either a compression type coupling or a 
brazed or soldered lap joint. The filler material used for brazing 
shall be a copper-phosphorous alloy or silver base alloy. Butt 
welds are not permissible for joining copper pipe or tubing. Cop- 
per tubing shall not be threaded but copper pipe with wall thick- 
ness equivalent to the comparable size of Schedule 40 steel pipe 
may be threaded and used for connecting screw fittings or valves. 
847.45 Protection Against Galvanic Action Caused by Copper. 
Provision shall be made to prevent harmful galvanic 
action where copper is connected underground to steel. This can 
be accomplished in most cases by using one or the other of the 
following methods: 
(a) Install an insulating type coupling, or an insulating flange, 
between the copper and the steel, or 
(b) Protect the copper and steel for a distance of two feet or 
more in all directions from the junction with insulating pipe cor- 
rosion protection material. 
847.46 Service Connections to Copper Mains. 

(a) Connections using a copper or cast bronze service 
tee or extension fitting sweat-brazed to the copper main, are 
recommended for copper mains. 

(b) Butt welds are not permitted. 

(c) Fillet-brazed joints are not recommended. 

(d) The requirements of 847.44 shall apply to: 
(1) Joints not specifically mentioned above, and 
(2) All brazing material. 


VALVES 


Required Spacing of Valves 


848.12 Valves on distribution mains, whether for operating or 
emergency purposes, shall be spaced as follows: 

(a) High Pressure Distribution Systems. Valves shall be in- 
stalled in high pressure distribution systems in accessible locations 
in order to reduce the time to shut down a section of main in an 
emergency. In determining the spacing of the valves consideration 
should be given to the operating pressure and size of the mains 
and local physical conditions as well as the number and type of 
consumers that might be affected by a shutdown. 

(b) Low Pressure Distribution Systems. Valves may be used 
on low pressure distribution systems, but are not required ex- 
cept as specified in 848.22 (a). 


Location of Valves 


848.22 Distribution System Valves. 
(a) A valve shall be installed on the inlet piping of each 
regulator station controlling the flow or pressure of gas in a dis- 


tribution system. The distance between the valve and the regula 
tor or regulators shall be sufficient to permit the operation of the 
valve during an emergency, such as a large gas leak or a fire i. 
the station. 

(b) Valves on distribution mains, whether for operating or 
emergency purposes, shall be located in a manner that will pro- 
vide ready access and facilitate their operation during an eme:- 
gency. Where a valve is installed in a buried box or enclosure, 
only ready access to the operating stem or mechanism is implied. 
The box or enclosure shall be installed in a manner to avoid 
transmitting external loads to the main. 


VAULTS 


849.1 Structural Design Requirements. 

Underground vaults or pits for valves, pressure relieving, 
pressure limiting or pressure regulating stations, etc., shall be 
designed and constructed in accordance with the following pro- 
visions: 

(a) All vaults and pits shall be designed and constructed in 
accordance with good structural engineering practice to meet the 
loads which may be imposed upon them. 

(b) Sufficient working space shall be provided so that all of the 
equipment required in the vault can be properly installed, oper- 
ated and maintained. 

(c) In the design of vaults and pits for pressure limiting, pres- 
sure relieving and pressure regulating equipment, consideration 
shall be given to the protection of the equipment installed from 
damage, such as that resulting from an explosion within the vault 
or pit, which may cause portions of the roof or cover to fall into 
the vault. 

(d) Piping entering, and within, regulator vaults or pits shall 
be steel for sizes 10 in. and less except that control and gage 
piping may be copper. Where piping extends through the vault 
or pit structure, provision shall be made to prevent the passage 
of gases or liquids through the opening and to avert strains in the 
piping. Equipment and piping shall be suitably sustained by metal, 
masonry, or concrete supports. The control piping shall be placed 
and supported in the vault or pit so that its exposure to injury or 
damage is reduced to a minimum. 

(e) Vault or pit openings shall be located so as to minimize 
the hazards of tools or other objects falling upon the regulator, 
piping, or other equipment. The control piping and the operating 
parts of the equipment installed shall not be located under a vault 
or pit opening where workmen can step on them when entering or 
leaving the vault or pit, unless such parts are suitably protected. 

(f) Whenever a vault or pit opening is to be located above 
equipment which could be damaged by a falling cover, a circular 
cover should be installed or other suitable precautions taken. 
849.2 Accessibility. Consideration shall be given, in selecting a 

site for a vault, to its accessibility. Some of the important 
factors to consider in selecting the location of a vault are as 
follows: 

(a) Exposure to traffic. The location of vaults in street inter- 
sections or at points where traffic is heavy or dense should be 
avoided. 

(b) Exposure to flooding. Vaults should not be located at points 
of minimum elevation, near catch basins, or where the access 
cover will be in the course of surface waters. 

(c) Exposure to adjacent subsurface hazards. Vaults should be 
located as far as is practical from water, electric, steam, or other 
facilities. 

849.3 Vault Ventilation. Underground vaults and closed top pits 

composing either a pressure regulating or reducing station, 
or a pressure limiting or relieving station, shall be ventilated as 
follows: 

(a) When the internal volume exceeds 200 cu ft, such vaults or 
pits shall be ventilated with two ducts each having at least the 
ventilating effect of a pipe 4 in. in diameter. 
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(b) The ventilation provided shall be sufficient to minimize the 
possible formation of a combustible atmosphere in the vault 
or pit. 

(c) The ducts shall extend to a height above grade adequate to 
disperse any gas-air mixtures that might be discharged. The out- 
side end of the ducts shall be equipped with a suitable weather- 
proof fitting or vent-head designed to prevent foreign matter from 
entering or obstructing the duct. The effective area of the openings 
in such fittings or vent-heads shall be at least equal to the cross- 
sectional area of a 4-in. duct. The horizontal section of the ducts 
shall be as short as practical and shall be pitched to prevent the 
accumulation of liquids in the line. The number of bends and 
offsets shall be reduced to a minimum and provisions shall be 
incorporated to facilitate the periodic cleaning of the ducts. 

(d) Such vaults or pits having an internal volume between 75 
and 200 cu ft may be either tightly closed or ventilated. If not 
ventilated, all openings shall be equipped with tight fitting covers 
without open holes through which an explosive mixture might be 
ignited. Means shall be provided for testing the internal atmos- 
phere before removing the cover. 

(e) If vaults or pits referred to in (d) above are ventilated by 
means of openings in the covers or gratings and the ratio of the 
internal volume, in cu ft, to the effective ventilating area of the 
cover or grating, in sq ft, is less than 20 to 1, no additional venti- 
lation is required. 

(f) Such vaults or pits having an internal volume less than 75 
cu ft may be ventilated or not at the option of the operating 
company. 

849.4 Drainage and Waterproofing. 

(a) Provisions shall be made to minimize the entrance 
of water into vaults, and vault equipment shall always be de- 
signed to operate safely, if submerged. 

(b) No vault containing gas piping shall be connected by 
means of a drain connection to any other substructure, such as 
a sewer. 

(c) Electrical equipment in vaults shall conform to the re- 
quirements of Class 1, Group D, of the National Electrical Code 
(ASA CI). 


Operating and Maintenance 
Procedures 


850.1 Because of many variables, it is not possible to pre- 
scribe in a national code a set of operating and mainte- 
nance procedures that will be adequate from the standpoint of 
public safety in all cases without being burdensome and im- 
practical in some. 
850.2 It is possible, however, for each operating company to 
develop operating and maintenance procedures based on 
experience, knowledge of its facilities and conditions under which 
they are operated, which will be entirely adequate from the 
standpoint of public safety. 
850.3 Basic Requirement. Each operating company having gas 
transmission or distribution facilities within the scope of 
this code shall: 

(a) Have a plan covering operating and maintenance proce- 
dures in accordance with the purpose of this code. 

(b) Operate and maintain its facilities in conformance with 
this plan. 

(c) Keep records necessary to administer the plan properly. 

(d) Modify the plan from time to time as experience with it 
dictates and as exposure of the public to the facilities and changes 
in operating conditions require. 

850.4 Essential Features of the Plan. The plan prescribed in 
850.3 (a) should include: 

(a) Detailed plans and instructions to employees covering 
Operating and maintenance procedures for gas facilities during 
normal operations and repairs, and during emergencies. 

(>) Items recommended for inclusion in the plan for specific 
Classes of facilities are given in 851 to 857, inclusive. 

(c) Particular attention should be given to those portions of 
the facilities presenting the greatest hazard to the public in the 
event of an emergency or because of construction or extraordi- 
Nar’ maintenance requirements. 


Dis‘ribution Piping Maintenance 


85° | Patrolling. Distribution mains, which are installed in 
loc:'ions or on structures where abnormal physical movement 


or abnormal external loading could cause failure or leakage, shall 
be patrolled periodically and the frequency of the patrolling 
shall be determined by the severity of the conditions which could 
cause failure or leakage and the consequent hazards to public 
safety. 
852.2 Leakage Surveys and Routine Procedures 
852.21 Each operating company having a gas distribution sys- 
tem shall set up in its operating and maintenance plan a 
provision for the making of periodic leakage surveys. The types 
of surveys prescribed in the plan shall be one or more of the 
following employed singly or in combination, or some other effec- 
tive procedure for locating leaks in the underground piping 
systems. 

(a) Gas detector surveys. (c) Vegetation surveys. 

(b) Bar test surveys. (d) Pressure drop surveys. 

(e) Soapsuds testing on exposed pipe and fittings. 

852.22 The nature of the operations and local conditions of 

each individual company shall determine the type and 
scope of the leakage control program most suitable. The char- 
acter of the general service area together with housing concentra- 
tion should determine the frequency of the inspection program. 

It is recommended that the inspection program should include 
at least the following provisions: 

(a) At least once a year a gas detector survey should be con- 
ducted in business districts, involving tests of the atmosphere in 
gas, electric, telephone, sewer and water system manholes, at 
cracks in pavement and sidewalks and at other locations provid- 
ing an opportunity for finding gas leaks. Leakage surveys, using 
one or more of the types referred to in 852.21, should be made 
of the distribution system outside of the principal business areas 
as frequently as experience indicates that they are necessary but 
not less than once every five years. 

(b) Leaks located by these surveys shall be investigated 
promptly and any necessary repairs shall be made. When the 
condition of a main or a service, as indicated by leak frequency 
records or visual observation, deteriorates to the point where it 
should not be retained in service, it should be replaced or 
reconditioned. 


852.3 Abandoning of Distribution Facilities. 

Each operating company shall have a plan in its operat- 
ing and maintenance procedures for sealing off the supply of gas 
to all abandoned distribution facilities including services, mains, 
control lines, equipment and appurtenances. This plan shall in- 
clude procedures for abandoning services that have remained 
inactive for a period of years and for which there is no planned 
use. It is recommended that the plan include the following pro- 
visions: 

(a) If the facilities are abandoned in place and-are discon- 
nected or separated, the ends shall be capped, plugged or other- 
wise effectively sealed. 

(b) In cases where a main is abandoned, together with the 
services connected to it, only the customer’s end of such services 
need be sealed as stipulated above. 


Procedures for Maintaining Pipe-Type and 

Bottle -Type Holders in Safe Operating Condition 

854.1 Each operating company having a pipe-type or bottle- 
type holder shall prepare and place in its files a plan for 

the systematic, routine inspection and testing of the facilities 

which provides that: 

854.11 Procedures shall be followed to enable the detection 
of external corrosion before the strength of the container 

has been impaired. 

854.12 Periodic sampling and testing of gas in storage will be 
made to determine the dew point of vapors contained in 

the stored gas that might cause internal corrosion or interfere 

with the safe operations of the storage plant. 

854.13 The pressure control and pressure limiting equipment 
will be inspected and tested periodically to see if it is 

in a safe operating condition and has adequate capacity. 

854.2 Each operating company, having prepared such a plan 
as described in 854.1 above, shall follow the plan, and 

keep records which detail the inspection and testing work done 

and the conditions found. 

854.3 All unsatisfactory conditions found shall be promptly 
corrected. 
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Maintenance of Pressure Limiting and 
Pressure Regulating Stations 


855.1 All pressure limiting stations, relief devices, and pressure 

regulating stations and equipment shall be subjected to 
systematic periodic inspections and/or tests to determine that 
they are: 

(a) In good mechanical condition. 

(b) Adequate from the standpoint of capacity and reliability 
of operation for the service in which they are employed. 

(c) Set to function at the correct pressure. 

(d) Properly installed and protected from dirt, liquids, or 
other conditions that might prevent proper operation. 

855.2 (a) Every distribution system supplied by more than 

one district pressure regulating station shall be 
equipped with telemetering or recording pressure gages to indi- 
cate the gas pressure in the district. 

(b) On distribution systems supplied by a single district pres- 
sure regulating station the operating company shall determine 
the necessity of installing such gages in the district. In making 
this determination the operating company shall take into con- 
sideration the operating conditions such as the number of cus- 
tomers supplied, the operating pressures, and the capacity of the 
installation, etc. 

(c) If there are indications of abnormal high or low pressure 
the regulator and the auxiliary equipment shall be inspected and 
the necessary measures shall be employed to rectify any unsatis- 
factory operating conditions. Suitable periodic inspections of 
single district pressure regulation stations not equipped with tele- 
metering or recording gages shall be made to determine that 
the pressure regulating equipment is functioning properly. 
855.3 Whenever it is practicable to do so, pressure relief valves 

should be tested in place to determine that they have 
sufficient capacity to limit the pressure on the facilities to which 
they are connected to the desired maximum pressure. If such 
tests are not feasible, periodic review and calculation of the re- 
quired capacity of the relieving equipment at each station should 
be made and these required capacities compared with the rated 
or experimentally determined relieving capacity of the installed 
equipment for the operating conditions under which it works. 
If it is determined that the relieving equipment is of insufficient 
capacity, steps shall be taken to install new or additional equip- 
ment to provide capacity. 


Valve Maintenance 


856.1 Pipeline Valves that might be required during an emer- 
gency shall be inspected periodically and partially oper- 
ated at least once per year to provide safe and proper operating 
conditions. 
856.2 Distribution System Valves. Valves, the use of which may 
be necessary for the safe operation of a gas distribution 
system, shall be checked and serviced, including lubrication where 
necessary, at sufficiently frequent intervals to be reasonably as- 
sured of their satisfactory operation. Inspection shall include 
checking of alignment to permit use of a key or wrench and 
clearing from the valve box or vault any debris which would 
interfere with or delay the operation of the valve. 


857 Vault Maintenance. Regularly scheduled inspections shall 

be made of each vault housing pressure regulating and 
pressure limiting equipment and having a volumetric internal 
content of 200 cu ft or more to determine if it is in good physical 
condition and adequately vented. This inspection shall include 
the testing of the atmosphere in the vault for combustible gas. If 
gas is found in the vault atmosphere, the equipment in the vault 
shall be inspected for leaks and leaks found shall be repaired. The 
ventilating equipment shall also be inspected to determine if it 
is functioning properly. If the ventilating ducts are obstructed, 
they shall be cleared. The condition of the vault covers shall be 
carefully examined to see that they do not present a hazard to 
public safety. 


Miscellaneous 


Odorization 


861 Any gas, distributed to customers through gas mains or gas 

services or used for domestic purposes in compressor plants, 
which does not naturally possess a distinctive odor to the extent 
that its presence in the atmosphere is readily detectable at all 
gas concentrations of one-fifth of the lower explosive limit and 





above, shall have an odorant added to it to make it so detectable. 
Odorization is not necessary, however, for such gas as is delivered 
for further processing or use where the odorant would serve no 
useful purpose as a warning agent. 


Liquefied Petroleum Gas (LPG) Systems 

862.1 Liquefied petroleum gases, generally, include butan 
and propane, and mixtures of them that can be stored as 

liquids under moderate pressures (approximately 80 psig to 250) 

psig) at ambient temperatures. 

862.2 This code is concerned only with certain safety aspects o! 

liquefied petroleum gases when they are vaporized and 

used as gaseous fuels. 

862.3 All of the requirements of Standards No. 58 and No. 59 
of the National Board of Fire Underwriters and the Na- 

tional Fire Protection Association and of this code, concerning 

design, construction, and operation and maintenance of piping 

facilities shall apply to piping systems handling butane, propane, 

or mixture of these gases. 


Special Safety Requirements for LPG Systems 


862.41 Odorization. Liquefied petroleum gases are usually non- 
toxic, but for safety when distributed for consumer use, 

or used as fuel in a place of employment, they shall be odorized. 

Criteria for odorization are given in 861. 

862.42 Ventilation. 

(a) All liquefied petroleum gases are heavier than air, hence 
structures above ground for housing regulators, meters, etc., shall 
have open vents near the floor level. Such equipment shall not 
be installed in pits or in underground vaults, except in cases 
where suitable provisions for forced ventilation are made. 

(b) Special care is required in the location of relief valve 
discharge vents releasing LPG to the atmosphere, to prevent accu- 
mulation of the heavy gases at or below ground level. Likewise, 
special precautions are necessary for adequate ventilation where 
excavations are made for the repair of leaks in an underground 
LPG distribution system. 


Note: Refer to National Board of Fire Underwriters and 
the National Fire Protection Association Bulletins 
No. 58—Storage and Handling of Liquefied Pe- 
troleam Gases and No. 59—Liquefied Petroleum 
Gases at Utility Gas Plants. 


Pipelines on Private Right-of-Way of 

Electric Transmission Lines 

863 Where gas pipelines parallel overhead electric transmission 
lines on the same right of way, the company operating the 

pipelines shall take the following precautions: 

863.1 Employ blow-out connections that will direct the gas 

away from the electric conductors. 

863.2 Install a bonding conductor across points where the main 

is to be separated and maintain this connection while the pipe- 

line is separated. The current carrying capacity of the bonding 

conductor should be at least one-half of the capacity of the 

overhead line conductors. 


863.3 Make a study in collaboration with the electric company 
on the common problems of corrosion and electrolysis, 
taking the following factors into consideration: 

(a) The possibility of the pipeline carrying either unbalanced 
line currents or fault currents. 

(b) The possibility of lightning or fault currents inducing volt- 
ages sufficient to puncture pipe coating or pipe. 

(c) Cathodic protection of the pipeline, including location of 
ground beds, especially if the electric line is carried on steel 
towers. 

(d) Bonding connections between the pipeline and either the 
steel tower footings or the buried ground facilities or the ground- 
wire of the overhead electric system. 

863.4 Investigate the necessity of protecting insulating joints 

in the pipeline against induced voltages or currents re- 
sulting from lightning strokes. Such protection can be obtained 
by connecting buried sacrificial anodes to the pipe near the in- 
sulating joints or by bridging the pipeline insulator with a spark- 
gap or by other effective means. z** 
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(Based on ASA Code B 31.8-1958) 


Introduction and Explanation of Tables 


The following tables give as basic information the nominal 
size, outside diameter, weight per foot, wall thickness, and mill 
test pressure as specified in the standard of the pipe under con- 
sideration. 

Working pressures, based on the standard mill test pressure, 
are given in Column “1” in all the tables. These pressures, as 
defined in Par. 841.14 (b) of the ASA Code B 31.8-1958, shall 
not exceed 85% of the mill test pressure, unless a higher hydro- 
static test pressure is placed on the pipe either before or after 
installation. 


For API standard 5L Grade B seamless and electric weld pipe, 
(Table 2), the standard mill test pressure is based on stressing the 
metal to 60% of its specified minimum yield strength, with a 
mi iximum test pressure of 2500 psi. Allowable working pressure 
of 85% of standard mill test pressure results in stressing the 
steel only 51% or less of its specified minimum yield strength. 

The code, however, permits use of 72% specified minimum 
yield strength for Type A construction and 60% for Type B 
construction. 

To operate at these higher working pressures, the code re- 
quires that the pipe be retested hydrostatically either before or 
after installation, or to specify a higher than standard mill test 
pressure when ordering. 

Minimum hydrostatic test pressures are: 


Type A Construction . . . 110% of working pressure 
Type B Construction . . . 125% of working pressure 
Type C Construction . . . 140% of working pressure 
Type D Construction . . . 140% of working pressure 


Maximum hydrostatic test pressures allowed under the code 
are shown in Column “2”; these are the pressures that would 
result in stressing the metal to 85% of its specified minimum 
yield strength. 


For API standard 5LX-42 pipe, mill test pressure is 75% of 
specified minimum yield strength in size 8.625-in. OD and 
smaller, and 85% for sizes of 10.75-in. OD and larger, up to a 
maximum of 3000 psi. Maximum working pressure based on 
85% of this mill test pressure is shown in Column “1” in Table 3. 

For Type A construction, working pressures are based on 
stressing the metal to 72% of specified minimum yield strength. 


Examples 


Problem: Determine wall thickness of 12-in. pipe for 800 psi 
working pressure for Class 1 location, Type “A” con- 
struction, less than 250 F operating temperature. 


l. To use API 5L Grade B Seamless or Electric Weld: 


From Table 2, under Column “3”, (Working Pressure Type 
“A” Construction) select 12.75 OD pipe. Pipe of this size 
with a .219-in. wall satisfies the requirement as it has a maxi- 
mum working pressure of 865 psi. 

If this pipe is purchased from mill, a mill test pressure of 950 
psi must be specified on purchase order as standard mill test 
pressure is only 700 psi. 

If pipe is on hand and has had only standard mill test pres- 
sure, it must be tested hydrostatically to 950 psi either before 
or alter installation. If tested after installation, no further testing 
is necessary. If tested to 950 psi before installation, it will have 
to be tested to 880 psi with gas or hydrostatically after installa- 
tion (800 x 110%). 


2. Jo use API 5LX-42 Pipe: 


'rom Table 3, under Column “3”, (Working Pressure Type 
’ Construction) select 12.75 OD pipe. Pipe of this size 
V th a .203-in. wall meets requirements, as it has a maxi- 
mum working pressure of 963 psi. 
If pipe of this size and grade is used, a test pressure of 880 psi 
(110 5 of working pressure of 800 psi) is required, after installa- 
lion, ising gas or hydrostatic. Standard mill test pressure is 1140 


on aid pipe conforms to code for conditions under considera- 
ion 


For sizes 8.625-in. OD and smaller, mill test pressure for 
5LX-42 is 75% of minimum yield and maximum working pres- 
sure is based on 85% of mill test pressure; thus we have 
85 x .75 = 63.75% of specified minimum yield strength. To 
have a working pressure based on 72% of minimum yield, for 
8.625-in. OD and smaller, a hydrostatic test higher than standard 
mill test must be made either before or after installation. 

On sizes 10.75-in. OD and larger, API 5LX-42 mill test pres- 
sure is 85% of minimum yield and maximum working pressure 
is based on 85% of this mill test pressure, giving .85 « .85 = 
72.25% of specified minimum yield strength. The code limits 
working pressure to 72% of minimum yield. 

Except in those sizes and wall thicknesses that have a mill test 
pressure limited by the maximum of 3000 psi, the maximum 
working pressures for API 5LX-42 for Type A in sizes 10.75-in. 
OD and larger are shown in Column “3” in Table 3 and will not 
require hydrostatic testing after installation for Type A Con- 
struction. In sizes and wall thicknesses limited to 3000 psi stand- 
ard mill test pressure, hydrostatic testing after installation will 
be required to use the higher working pressures in Column “3” 
as contrasted to those in Column “1.” 


Working pressures of these tables are based on temperatures 
less than 250 F. Any higher temperature requires a derating of 
working pressure, as follows: 


Ge) Se ee 
SORES ce: “at “Seth. te gee “eee arta 
Ls A ee Co 
AE ke e- as e e) e _ Se ee 
P| ae 0.867 


For intermediate temperatures, interpolate for factor. 


Compressor Stations. Table 841.141 of the code defines mini- 
mum wall thicknesses of the various sizes of pipe for different 
location classes and also for compressor station gas piping. If 
calculated wall thickness for desired working pressure is less 
than these minimums, the minimums in the table must be used. 


Other types of construction: Refer to Paragraphs 841 and 
841.01; the table under Paragraphs 841.02, 841.03, and 841.04; 
Paragraph 841.142; and Paragraph 841.143. 





Problem: Determine wall thickness of 12-in. pipe for 800 psi 
working pressure for Class 3 location, Type “C” con- 
struction (compressor station), less than 250 F op- 
erating temperature. 


1. To use API 5L Grade B Seamless or Electric Weld: 


From Table 2, under Column “5”, (Working Pressure Type 
“C” Construction) select 12.75 OD pipe of .312-in. wall 
(maximum working pressure of 857 psi). 

This pipe will have to be hydrostatically tested to 140% 
(1120 psi) of its working pressure after installation. If to be 
purchased from mill, a mill test pressure of 1120 psi should be 
specified (standard mill test is 1000 psi). 

If pipe is on hand, the hydrostatic test of 1120 psi after in- 
stallation will suffice. 

Wall thickness is greater than the minimum of .250-in. 
required for compressor station piping and therefore conforms 
to the code. 


2. To use API 5LX-42 Pipe: 


From Table 3, under Column “5”, (Working Pressure Type 
“C” Construction) select 12.75 OD pipe of .250-in. wall 
(maximum working pressure 824 psi). 

Standard mill test pressure for this pipe is 1410 psi, which is 
greater than the 140% (1120 psi) hydrostatic test pressure re- 
quired after installation. Note also that the .250-in. wall is the 
thinnest that can be used in 12.75 OD pipe for compressor sta- 
tion piping in conformity with the code. 
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WORKING PRESSURES OF PIPE 
(Based on ASA Code B 31.8-1958) 


Table 1 


(Specified Minimum Yield Strength — 35,000 psi) 


Non-API Standard Grade B Seamless and Electric-Weld Pipe 

























































































3 4 5 
Maximum Working Working Working Working 
Hydrostatic Pressure Pressure Pressure, Pressure, 
Nominal | Outside Wall Test | Type “A” Type “B” Type “C” Type “D” 
Size Diameter Weight Thickness Pressure Construction | Construction Construction Construction 
(in.) (in.) (lb/ft) (in.) (psi) (psi) (psi) (psi) (psi) 
1 1.315 2.561 .219 9908 8393 6994 5829 4663 
| 2.850 } . 250 11311 9581 | 7984 6654 5323 
1 Vy | 1.660 3.764 .250 8961 7590 | 6325 5271 4217 
; | [a ee, ee — : een ener = — 
1 VY 1.900 4.862 . 284 8799 7453 6211 5176 4141 
| 3.938 .167 4184 3544 2953 | 2461 1969 
2 | 4.330 -188 4710 3990 3325 2771 2216 
} 2.375 | 5.673 .250 6263 5305 4421 3684 2947 
6.883 | .312 7816 6620 5517 4598 3678 
| 7.450 343 8593 7278 6065 5055 4044 
— oe ee, Seen Se ‘scielnanelieibmecastieanesis nei a ee aticiatnibadea 
2Y 2.875 6.160 217 | 4491 3804 3170 | 2642 2113 
2 | 10.01 .375 7761 6574 5478 | 4565 3652 
| 5.30 .148 2516 2131 1776 | 1480 1184 
| 8.39 241 4097 3470 2892 2410 1928 
3 8.80 .254 4318 3658 3048 | 2540 2032 
3.500 9.91 .289 4913 4162 3468 2890 2312 
| 10.64 .312 5304 4493 3744 3120 2496 
} 13.42 -406 6902 5846 4872 4060 3248 
14.30 -437 7429 6293 5244 | 4370 3496 
5.99 -128 | 1692 1434 1195 | 996 796 
6.26 134 1771 1500 1250 1042 834 
6.61 -142 1877 1590 1325 1104 883 
7.64 -165 | 2181 1848 1540 1283 1026 
9.39 -205 2710 2295 1913 1594 1275 
4 4.500 12.24 .271 3583 3035 2529 | 2108 1686 
13.42 .300 3966 3360 2300 | 2333 1866 
14.00 .312 4125 3494 2912 2427 1941 
16.52 .375 4958 4200 3500 | 2917 2332 
19.00 .437 } 5778 4895 4079 3399 2719 
21.36 .500 | 6611 5600 4667 3889 3111 
22.60 .531 | 7021 5947 4956 4130 | 3304 
10.78 156 | 1401 1187 989 824 659 
11.56 .169 1517 1285 1071 893 714 
6 12.50 -180 | 1616 | 1369 1141 951 760 
6.625 18.86 .277 2487 | 2107 1756 1463 1170 
32.79 .500 4490 | 3804 3170 | 2642 2113 
36.40 .562 5047 4275 3563 } 2969 2375 
45.30 .718 | 6448 5462 4552 3793 3034 
14.26 158 1090 923 769 641 513 
14.95 -165 | 1138 964 803 670 536 
18.30 .203 1400 1186 | 988 824 659 
21.43 .238 1641 1390 1159 966 772 
31.00 .352 2428 2056 1714 1428 1142 
8 8.625 35.70 .406 2801 2372 1977 1648 1318 
40.83 -469 3235 2740 2284 1903 1522 
50.90 .593 4090 3465 2887 2406 1925 
} | 53.40 .625 4311 3652 3043 2536 2028 
60.70 .718 4953 4195 3496 2914 } 2331 
67.80 .812 5602 4745 3954 3295 2636 
| 74.70 | -906 6250 5294 4412 3677 2941 
| 22.86 2 | 203 1124 952 793 661 | 529 
| 38.66 .348 1921 1627 1356 1130 904 
43.68 .395 2186 1852 1543 1286 1029 
| 57.98 -531 2939 2490 2075 1729 1383 
10 64.40 .593 3282 2780 2317 1931 1544 
10.75 77.00 -718 3974 3366 2805 2338 1870 
80.10 -750 4151 3516 2930 2442 1954 
89.20 .843 4943 4187 3489 2903 2326 
104.20 1.000 5535 4689 3907 3256 2605 
109.90 | 1.063 | 5884 4984 4153 | 3461 2769 
116.00 | 1.125 6227 5275 4396 3663 2930 
27.20 -203 947 803 669 558 446 
31.81 .238 1111 941 784 654 523 
37.16 | -279 1302 1103 919 766 613 
39.89 .300 1400 1186 988 824 658 
53.52 | -406 1895 1605 1337 1115 891 
| 73.22 -562 2622 2221 1851 1543 1234 
12 12.75 80.94 -625 2916 2470 2059 1716 1372 
88.5 -687 3206 2716 2263 1886 1509 
107.20 -843 3934 3332 2777 2314 1851 
| 111.00 | -875 4033 3459 2882 2402 1922 
| 125.5 1.000 4667 3953 3294 2745 2196 
139.7 1.125 5250 4447 3706 3088 2470 
150.12 1.219 5689 4819 4016 3347 2677 
160.30 1.312 6123 5186 4322 3602 2881 
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(Based on ASA Code B 31.8-1958) 
| Table 1, Page 2 
a i 
Non-API Standard Grade B Seamless and Electric-Weld Pipe 
(Specified Minimum Yield Strength — 35,000 psi) 
3 4 | 5 6 
Maximum Working Working | Working Working 
Hydrostatic Pressure Pressure Pressure, Pressure, 
Nominal Outside Wall ‘est Type “A” Type “B” Type “C” Type “D” 
Size Diameter Weight Thickness Pressure Construction Construction Construction Construction 
(in.) (in.) (lb/ft) (in. (psi) (psi) (psi | (psi) (psi) 
27.73 188 799 677 564 470 376 
32.20 .220 935 792 660 550 440 
34.98 . 238 1012 857 714 595 476 
58.94 -406 1726 1462 1218 1015 812 
67.78 -469 1993 1688 1407 1173 933 
84.91 .593 2520 2135 1779 1483 1186 
14 14 89.28 .625 2656 2250 1875 1563 1250 
93.49 .656 2788 2362 1968 1640 1312 
106.13 .750 3133 2700 2250 1875 1500 
130.72 937 3932 3373 2811 2343 1874 
150.66 1.093 4645 3935 3279 2733 2186 
170.21 1.250 5313 4500 3750 3125 2500 
181.66 1.344 5712 4838 4032 3360 2688 
189.11 1.406 5976 5062 4218 3515 2812 
31.75 .188 700 593 494 412 329 
39.23 .233 884 750 625 521 416 
67.62 406 1509 1278 1066 888 710 
77.79 469 1743 1477 1231 1025 820 
87.72 531 1975 1673 1394 1162 929 
107.50 656 2439 2066 1722 1435 1148 
16 112.35 .687 2554 2164 1803 1503 1202 
16 122.15 .750 2788 2362 1969 1641 1312 
136.46 .843 3134 2655 2213 1844 1475 
164.82 1.031 3834 3248 2707 2256 1804 
192.28 1.218 4530 3837 3197 2665 2132 
223.50 1.437 5344 4527 3772 3144 2515 
232.29 1.500 5579 4725 3938 3282 2625 
240.85 1.562 5809 4920 4100 3417 2734 
104.66 .562 1858 1574 1312 1093 874 
110.42 .594 1964 1663 1386 1155 924 
115.98 -625 2066 1750 1459 1216 972 
132.52 718 2373 2010 1675 1396 1117 
138.17 .750 2479 2100 1750 1459 1167 
18 18 149.05 .812 2634 2274 1895 1579 1263 
170.75 .937 3097 2624 2186 1822 1458 
207 .96 1.156 3322 3237 2698 2248 1798 
244.14 1.375 4545 3850 3208 2674 2139 
274.22 1.562 5163 4373 3644 3037 2430 
293.91 1.687 5577 4724 3937 3281 2624 
303.71 1.750 5785 4900 4084 3403 2722 
116.67 .562 1672 1416 1180 984 787 
122.90 .593 1765 1495 1246 1038 830 
129.33 -625 1860 1575 1313 1094 875 
166.40 .812 2416 2046 1705 1421 1137 
178.72 .875 2603 2205 1838 1532 1225 
20 20 184.75 .906 2695 2283 1903 1586 1268 
208 .87 1.031 3068 2598 2165 1805 1444 
250.31 1.250 3719 3150 2625 2188 1750 
256.09 1.281 3811 3228 2690 2242 1794 
296 .37 1.500 4463 3780 3150 2625 2100 
341.09 1.750 5206 4410 3675 3063 2450 
357 .56 1.844 5605 4748 3956 3297 2638 
373.67 1.937 5763 4882 4068 3390 2712 
58.07 . 250 676 572 477 398 318 
22 142.68 .625 1690 1431 1193 995 796 
22 170.21 .750 2028 1718 1432 1193 954 
197.41 .875 2366 2004 1670 1392 1114 
224.28 1.000 2705 2291 1909 1591 1273 
63.41 .250 620 525 437 365 292 
140.67 .562 1393 1180 983 820 656 
156.03 -625 1550 1313 1094 912 729 
171.05 .687 1703 1443 1202 1002 802 
186.23 .750 1860 1575 1313 1094 875 
24 238.10 | -968 2340 2032 1694 1412 1129 
24 252.91 1.031 2556 2165 1804 1504 1203 
296.35 1.218 3012 2551 2126 1772 1417 
360.45 1.500 3719 3150 2625 2188 1750 
415.85 1.750 4338 3675 3062 2552 2042 
483.12 2.062 5112 4330 3608 3007 2406 
509.49 2.187 5422 4593 3827 3190 2552 
535.52 2.312 5732 4855 4046 3372 2697 
83.73 .312 714 605 504 420 336 
102.63 .375 859 727 606 505 404 
119.44 -438 1102 849 707 590 472 
136.17 .500 1144 969 808 673 538 
152.68 .562 1286 1089 908 757 605 
“5 26 169.37 -625 1431 1212 1010 842 673 
177.56 .656 1501 1272 1060 883 706 
202.25 .750 1716 1454 1211 1010 808 
218.43 .812 1859 1575 1312 1094 875 
234.79 -875 2003 1696 1414 1178 942 
251.07 -938 2146 1818 1515 1263 1010 
267.00 1.000 2288 1939 1616 1347 1077 
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WORKING PRESSURES OF PIPE 
(Based on ASA Code B 31.8-1958) 


Table 2 


API Standard 5L Grade B Seamless and Electric Weld Pipe 
(Specified Minimum Yield Strength — 35,000 psi) 
























































1 | 2 3 4 5 6 
Maximum Working Working Working Working 
Specified 85% of Hydrostatic Pressure, Pressure, Pressure, Pressure, 
Nominal Outside Wall Mill Test Mill Test Test Type “A” Type “B” Type “C”’ Type “D" 
Size Diameter Weight Thickness Pressure Pressure Pressure Construction | Construction Construction Construction 
in.) (in.) (lb/ft) (in.) (psi) (psi) (psi) (psi) (psi) (psi) (psi) 
Ve 0.24 0.068 700 595 9990 8462 7052 5877 4701 
0.405 0.31 0.095 850 722 13956 | 11822 9851 8210 | 6568 
| 
Wy 0.42 0.088 700 595 | 9695 8213 6844 5704 4563 
0.540 0.54 0.119 850 722 | 13112 11107 9256 7713 6170 
¥, 0.57 0.091 700 595 | 8021 6795 5662 4719 3775 
8 0.675 0.74 0.126 850 722 11106 | 9408 7840 6533 5226 
0.85 0.109 700 595 | 7721 | 6540 5450 4541 3633 
YW 0.840 1.09 0.147 850 722 | 10413 8820 7350 6125 | 4900 
1.71 0.294 1000 850 | 20825 | 17640 14700 12250 | 9800 
1.13 0.133 700 595 7537 | 6384 5320 4434 | 3547 
WV, 1.050 1.47 0.154 850 722 |= a7ar,s—i‘é|:CSsC7882 6160 5134 | 4107 
2.44 0.308 | 1000 | 850 | 17453 | 14784 12320 10267 | 8213 
| 1.68 | 0.133 700 595 | 6017 | 5097 4247 3540 2832 
1 1.315 | 2.17 0.179 850 | 722 8099 | 6860 5717 4764 3811 
3.66 0.358 1000 | 850 | 19057 13721 11434 9529 7623 
2.27 0.140 1300 1105 | 5017 4250 3542 2952 2361 
1% 1.660 3.00 0.191 1900 1615 | 6846 5799 4832 4027 3222 
5.21 0.382 2300 1955 | 13692 11598 9665 8054 6443 
2.72 0.145 1300 1105 =| S840 3846 3205 2671 2137 
1A 1.900 3.63 0.200 1900 1615 | 6262 5305 4421 3684 2947 
6.41 0.400 2300 1955 12526 | 10611 8842 7369 5895 
3.65 0.154 1300 1105 3857 3267 | 2723 2269 | 1815 
2 2.375 5.02 0.218 1900 1615 | 5461 4626 | 3855 3213 2570 
9.03 0.436 2300 1955 | 10923 | 9252 | 7710 6425 5140 
5.79 0.203 1300 1105 4200 3558 2965 2471 1977 
2' 2.875 7.66 0.276 1900 1615 5712 | «(4838 4032 3360 2688 
13.70 0.552 2300 1955 11424 | 9677 8064 6720 5376 
4.51 0.125 1500 1275 2125 1800 1500 1250 1000 
5.58 0.156 1900 1615 2652 2246 1872 1560 1248 
6.63 0.188 2200 1870 3196 2707 2256 1880 1504 
3 3.500 7.58 0.216 2500 2125 3672 3110 2592 2160 1728 
8.68 0.250 2500 2125 4250 3600 3000 2500 2000 
9.67 0.281 2500 2125 4777 4046 3372 2810 2248 
10.25 0.300 2500 2125 5100 4320 3600 3000 2400 
18.58 0.600 2500 2125 10200 8640 | 7200 6000 4300 
5.84 0.125 1200 1020 1653 1400 1167 973 778 
7.25 0.156 1500 1275 2063 1747 1456 1214 971 
8.64 0.188 1800 1530 2486 2106 1755 1463 1170 
10.00 0.219 | 2000 1700 2896 2453 2044 1704 1363 
4 4.500 10.79 0.237 2200 1870 3134 2655 | 2212 1844 1475 
11.35 0.250 2300 1955 3306 2800 2333 1945 1556 
12.67 0.281 2500 2125 3715 3147 2623 2186 1748 
13.98 0.312 2500 2125 4125 3494 2912 2427 1941 
14.98 0.337 | 2500 2125 4456 3774 3145 2621 2097 
27.54 0.674 | 2500 2125 8911 7548 | 6290 5242 4194 
ene ee vail pcieleesepeiiiatondh a pa. SS Se a sce vee — ——|—--—-- a = ™ — 
12.89 0.188 1200 1020 1688 1430 | 1192 993 794 
14.97 0.219 1400 1190 1967 1666 1388 1157 926 
17.02 0.250 1600 1360 2247 1902 | 1585 1321 1057 
18.97 0.280 1800 1530 2514 2130 | 1775 1479 1183 
6 6.625 21.07 0.312 | 2000 | 1700 2802 2374 | 1978 1649 1319 
23.00 | 0.344 | 2200 | 1870 3000 | ITs | 1818 1454 
25.03 | 0.375 | 2400 | 2040 3368 2853 | 2377 1981 1585 
28.57 | 0.432 2500 | 2125 | 3879 3286 2738 2282 1826 
53.16 0.864 2500 2125 7760 6573 | 5477 4565 3652 
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WORKING PRESSURES OF PIPE, Table 2, Page 2 
API Standard 5L Grade B Seamless and Electric Weld Pipe 











Nominal 
Size 
(in.) 


Outside 


Diameter 
} in.) 


10.75 


12.75 


14 


20 


22 


24 











(Specified Minimum Yield Strength — 35,000 psi) 





Weight 
lb/ft) 











Wall 
Thickness 
(in.) 
0.188 
0.219 
0.250 
0.277 
0.312 
0.322 
0.344 
0.375 
0.438 
0.500 
0.875 





0.188 
0.219 
0.250 
0.279 
0.307 
0.344 
0.365 
0.438 
0.500 


0.219 
0.250 
0.281 
0.312 
0.330 
0.344 
0.375 
0.438 
0.500 
0.250 
0.281 
0.312 
0.344 
0.375 
0.438 
0.500 
0.250 
0.281 
0.312 





0.375 
0.438 


: 





| 





Specified 
Mill Test 
Pressure 


psi 


2200 


650 
700 
800 
900 
1000 











1 


85°% of 
Mill Test 
Pressure 


psi 


1700 


1020 
1360 


638 
722 
808 
850 
935 
1105 
1275 


553 
638 
680 
765 
850 
935 
1105 
510 
553 
638 
680 
765 
850 
1020 


425 
510 
553 
595 
680 
765 
850 
510 
553 
595 
723 
808 


468 
510 





2 
Maximum 
Hydrostatic 
Test 
Pressure 


psi 


1297 
1510 
1725 
1911 
2152 
2221 
2373 
2587 
3022 
3449 
6036 


2333 


1063 
1194 
1326 
1462 
1594 
1862 
2125 


930 
1045 
1160 
1279 
1395 
1629 
1860 


826 

929 
1031 
1137 
1239 
1448 
1653 


744 
836 
928 
1023 
1116 
1303 
1488 


931 
1014 


3 
Working 
Pressure, 

Type “A” 
Construction 
psi 


1099 
1279 
1461 
1619 
1823 
1881 
2010 
2192 
2560 
2921 
5113 





881 
1027 
1172 
1308 

1439 
1613 
1711 
2053 
2344 


865 
989 
1111 
| 1233 
1305 


| 1482 
| 1732 
| 1976 


900 
1012 
1123 
1238 
1350 
1577 
1800 


788 
885 
938 
1084 
1182 
1380 
1575 


700 
787 
873 
| 963 
1050 
1226 
| 1400 
630 
708 
786 
867 
945 
1104 
1260 





788 
859 
1004 
1146 


| 715 
| 
| 


| 655 
722 

788 

920 

1050 


4 
Working 
Pressure, 

Type “B’ 
Construction 


psi) 


1426 
1711 
1954 


721 
824 
926 
1028 


1133 
1235 
1443 
1647 


750 
843 
963 
1032 
1125 
1314 
1500 


656 
737 
819 
903 
985 
1150 
1313 


583 
656 
728 
803 
875 
1022 
1167 


525 
590 
655 
722 
788 
920 
1050 


596 
657 
716 
836 
955 
546 
656 


767 
875 


5 
Working 
Pressure, 

Type “C”’ 
Construction 


psi 


763 

889 
1015 
1124 
1266 
1307 
1396 
1522 
1778 


3551 


612 
713 
814 


1000 
1120 
1189 
1426 
1628 
601 
687 
772 


625 
703 
780 
860 
938 
1095 
1250 


547 
615 
683 
753 
821 


1094 


486 
547 
607 
669 
729 
852 
973 


438 
492 
546 
602 
657 
767 
875 


497 
548 
591 
697 
796 


455 
547 


639 
730 





6 
Working 
Pressure 

Type “D” 
Construction 


psi 


610 
711 
812 
899 
1013 
1045 
1117 
1218 
1422 
1623 
2840 
490 
570 
651 
727 
800 
896 
951 
1141 
1302 


448 
549 
617 
685 
725 
756 
824 
962 
1098 


562 
624 
688 
750 
876 


389 
437 


535 
583 
681 
778 


350 
394 
437 
482 
525 
613 
700 


397 
438 
477 
558 
656 
365 
401 
438 
511 
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Weight 
(lb/ft) 


12.89 
14.97 
17.02 
18.97 
21.07 
23.06 
25.03 
28.57 














27.22 
29.28 
33.38 
37.45 
41.51 
43.77 
45.55 
49.56 
93.56 
57.53 
65.42 





32.20 
36.71 
41.21 
45.68 
50.14 
54.57 
63.37 
72.09 











36.87 
42.05 
47.22 
92.36 
57.48 
62.58 
72.12 
82.77 


Table 3 


API Standard 5LX-42 — 
Electric Resistance Welded, 


Electric Flash Welded and Submerged Arc Welded Pipe 
(Specified Minimum Yield Strength 


WORKING PRESSURES OF PIPE 
(Based on ASA Code B 31.8-1958) 





I 


9 














30.93 























Maximum 

Specified 85% of Hydrostatic 
Wall Mill Test Mill Test Test 
Thickness Pressure Pressure Pressure 
(in.) (psi) | (psi) (psi) 
0.188 | 1790 1522 2026 
0.219 | 2090 | 1777 2360 
0.250 | 2380 | 2023 | 2695 
0.280 | 2670 | 2270 | 3018 
0.312 | 2970 | 2525 | 3363 
0.344 | 3000 | 2550 3708 
0.375 3000 | 2550 4042 
0.432 3000 | 2550 4655 
0.188 | 1380 | 1173 1556 
0.203 | 1490 1267 1680 
0.219 | 1600 1360 1813 
0.250 | 1830 | 1556 | 2070 
0.277 | 2030 | 1726 | 2293 
0.312 | 2280 | 1938 2583 
0.322 2360 «36©| «=. 2006 2666 
0.344 | 2520 2142 2848 
0.375 | 2740 | 2329 3104 
0.438 «=| 3000 | 2550 3626 
0.500 | 3000 | 2550 4140 
0.188 1250 | 1063 1249 
0.203 1350 1148 1348 
0.219 1460 1241 1454 
0.250 1670 1420 1661 
0.279 1860 1581 1853 
0.307 2040 1734 2039 
0.344 2290 +| 1947 2285 
0.365 2430 «=| = 2066 2424 
0.438 2910 2474 2910 
0.500 | 3000 2550 3321 
0.203 | 1140 969 1136 
0.219 | 1230 1046 1227 
0.250 | 1410 1199 1400 
0.281 | 1580 | 1343 1573 
0.312 | 1750 | 1488 1747 
0.330 | 1850 1573 1848 
0.344 | 1930 | 1641 1926 
0.375 2100 1785 2100 
0.406 2280 =| 1938 2274 
0.438 2460 | 2091 2453 
0.500 2810 | 2389 2800 
0.210 | 1080 | 918 1071 
0.219 | 120 | 952 | 1117 
0.250 | 1280 | 1088 | 1275 
0.281 | 1440 | 1224 1433 
0.312 | 1600 1360 1591 
0.344 | 1760 1496 1754 
0.375 1920 1632 1913 
0.438 =| 2240 1904 2234 
0.500 | 2550 | 2168 2550 
0.219 | 980 833 978 
0.250 | 1120 952 1116 
0.281 1260 1071 1254 
0 312 1400 =| = 1190 1392 
0.344 | 1540 1309 1535 
0.375 | 1680 | 1428 1673 
0.438 1960 | 1666 1955 
0.500 


J ca 














Construction Construction | Construction |Construction 


i 6 
Working Working 
Pressure, Pressure, 
Type “C” Type “D” 

(psi) (psi) 
1192 954 
1389 1111 
1585 1268 
1775 1420 
1978 1582 
2181 1745 
2378 1902 
2739 2191 

916 732 

989 791 

1067 853 
1218 974 
1349 1079 
1520 1216 
1568 1254 
1675 1340 
1826 1461 
2133 1706 
2435 1948 

735 588 

793 634 

856 684 

977 782 

1090 872 
1200 960 
1344 1075 
1426 1141 
1712 1369 

| 1954 1563 
| 669 535 
| 722 577 
824 659 

926 740 

1028 822 

| 1087 870 
| 1133 906 
| 1236 988 
| 1338 1070 
1443 1154 
1647 1318 

630 504 

657 525 

| 750 600 
| 843 674 
| 936 749 
| 1032 826 
| 1125 900 
| 1314 1051 
| 1500 1200 
| 575 460 
657 525 
| 738 590 
819 655 

| $03 7122 
985 788 

1150 920 
1050 
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WORKING PRESSURES OF PIPE 
(Based on ASA Code B 31.8-1958) 
Table 3, Page 2 
API Standard 5LX-42 — 
Electric Resistance Welded, 
Electric Flash Welded and Submerged Arc Welded Pipe 
(Specified Minimum Yield Strength — 42,000 psi) 
| : l | 2 aa ce ee = ms 6 
| Maximum Working | Working Working Working 
Specified 85% of Hydrostatic | Pressure, Pressure, Pressure, Pressure, 
Nominal | Outside Wall Mill Test Mill Test Test Type “A” | Type “B” | Type “C” | Type “D” 
Size Diameter Weight Thickness Pressure Pressure Pressure Construction |Construction |Construction Construction 
(in.) (in.) (lb/ft) (in.) (psi) - (psi) (psi) (psi) (psi) (psi) 
a | 47.38 | 0.250 1000 850 992 ao | «= 700 |S 8 467 
| 53.22 0.281 1120 952 1114 943 787 656 524 
59.03 | 0.312 1240 1054 1238 1048 874 | 728 582 
18 18 | 64.82 | 0.344 1370 1165 1364 1156 963 803 642 
| 70.59 | 0.375 | 1490 1267 1488 1260 1050 875 700 
| 16.34 | 0.406 1620 1377 1611 1364 1137 948 758 
82.06 | 0.438 1740 1479 1737 1472 1226 1022 818 
93.45 | 0.500 1990 1692 | 1984 1680 1400 : 1167 934 
~ -. | a 0.250 300 7165 893 156 630 | 525 420 
59.23 0.281 1010s | 859 1003 850 708 590 472 
65.71 0.312 1120 | 952 1114 | 943 786 655 524 
20 20 72.16 0.344 | 1230 1046 1228 | 1040 867 | 723 578 
78.60 0.375 1340 1139 1339 | 1134 945 788 | 630 
85.01 0.406 | 1450 1233 1449 1228 1023 858 682 
91.41 0.438 1570 1335 1564 1325 1104 920 736 
104.13 0.500 | 1790 | W822 1785 1512 1260 1050 840 
a ee 0250 | 920 | 67 | 812 688 | 573 a8 | 382 
65.24 0.281 920 | 782 912 773 644 537 429 
72.38 0.312) | 1020 | 867 1013 858 715 596 477 
22 22 79.51 0.344 | 1120 | 952 W160 945 788 657 525 
86.61 0.375 1220 | 1037 1217 | 1031 859 716 573 
93.69 0.406 | 1320 1122 1318 | Wi6 930 15 | 620 
100.75 0.438 | 1430 1216 1421 1204 1003 836 669 
114.81 0.500 | 1630 16 1623 Wn 14% 955 764 
7 63.41 0.250 | 750 | 638 744 630 525, 438 350 
71.25 0.281 | 840 | 714 836 708 590 492 394 
79.06 0.312 | 930 791 928 786 655 546 437 
24 24 86.85 0.344 | 1030 876 1023 867 722 602 482 
94.62 0.375 | 1120 | 952 1116 945 788 657 525 
102.37 0.406 | 1210 | 1029 1208 1023 853 711 568 
110.10 0.438 1310) | 1114 1303 1104 920 767 613 
125.49 0.500 1490 | _ eT 1488 1260 1050 875 700 
68.75 0.250 690 587 687 582 485 404 323 
77.25 0.281 780 663 772 | 654 545 454 363 
85.73 0.312 860 731 857 726 605 | 504 403 
26 | 26 94.19 0.344 950 | 808 944 | 800 667 | 556 444 
| 102.63 0.375 1030 | 876 1030 873 727 | 606 485 
| 111.05 0.406 1120 952 W15 945 787 656 | 525 
119.44 0.438 1210) | 1029 1203 1019 849 708 566 
| 136.17 0.500 1380 | WB 1373 1163 969 808 | 646 
; 74.09 0.250 | 640 | 544 638 540 | 450 375 | 300 
83.26 0.281 | 720, 612 7 607 | 506 422 337 
92.41 0.312 800 | 680 796 674 562 468 374 
28 28 101.53 0.344 880 748 877 743 619 516 413 
110.64 0.375 960 | 816 956 810 675 563 450 
119.72 0.406 1040 884 1035 877 731 609 487 
128.79 0.438 1120 | 952 1117 946 788 657 526 
146.85 0.500 1280 1088 1275 1080 900 750 600 
| 79.43 0. 250 | 600 510 | 595 504 | 420 350 280 
| 89.27 0.281 670 570 670 567 472 394 315 
99.08 0.312 750 638 742 629 524 437 349 
30 30 | 108.88 0.344 820 697 | = 819 693 578 487 385 
| 118.65 0.375 900 765 | 893 756 630 525 420 
| 128.40 0.406 970 825. | 966 819 682 569 455 
| 138.13 0.438 1050 893 1042 883 736 613 490 
| | 19753 | 0.500 | 1200 | 1020, | 90 | 008 | | S00} S58 
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WORKING PRESSURES OF PIPE 
(Based on ASA Code B 31.8-1958) 
Table 4 
API Standard 5LX-46 — 
Seamless, Electric Resistance Welded, Electric 
Flash Welded, and Submerged Arc Welded Pipe 
(Specified Minimum Yield Strength — 46,000 psi) 
z eke ase rar aaa ra he Ey 1 % aes ge a a fm See a 5 mee: : 6 
| | Maximum | Working Working Working Working 
Specified 85% of Hydrostatic | Pressure, Pressure, Pressure, Pressure, 
Nominal | Outside Wall Mill Test Mill Test Test | Type“A” | Type “B” | Type oO”) “Eype “D”’ 
Size | Diameter Weight Thickness Pressure Pressure Pressure |Construction (Construction |Construction | Construction 
(in.) | (in) (lb/ft) (in.) (psi) (psi) (psi) (psi) (psi) (psi) (psi) 
oa 12.89 0.188 1960 1660 || «=2219 | Ss: 1879 1566 1305 1044 
| 14.97 0.219 2290 1947 2585 2190 | «= (1825 1521 1216 
| 17.02 0.250 2610 2219 2950 2499 | 2083 1736 1388 
6 | — (6.625 18.97 0.280 2920 2482 3305 2799 «| ~=—-2333 1944 1555 
| 21.07 0.312 3000 2550 3683 3120 | 2600 | 2167 1733 
| 23.06 0.344 3000 2550 4060 | 3439 | 2866 | 2389 1911 
| 25.03 0.375 3000 2550 4427 | 3750 3125 | = 2604 2083 
| 28.57 0.432 3000 2550 5099 «| 4319 | 3599 3000 =| = 2400 
——_ —_ oe — | ——— — _—_oa ——- _ —_———_ ———__  — | —_— -—— — 
| 16.90 0.188 1510 1284 1704 1444 =| ~=«1203-S |= 1008-s|~Ss802 
| 18.27 0.203 1630 1386 1940 «| «1559 | | 1299 |= 1083 | 66 
19.64 0.219 1760 1496 1986 =| «©1682, | ~=—(1402 1168 934 
22.36 0.250 2010 «=| = 1709 2266 «=| 1920 | 1600 | 1333 1066 
| 24.70 0.277 2220 =| «1887 2511 | «2127, | s1772,—i=«|C ss 1182 
8 8.625 27.74 0.312 2500 =| 2125 2829 «| «2306. «=| «= 1997 | «Ss 1664 =| S331 
28.55 0.322 2580 =| 2193 | 2919 2472, | 2060, | 7 | 1874 
| 30.40 0.344 2760 2346 «=| «= (3119 2642 «| 2201 | 1836 | 1468 
33.04 0.375 3000 | 2550 | 3400 | 2880 | 2400 | 2000 1600 
38.26 0.438 3000 | «625503071 |S 3664 | (2803 2336 1869 
43.39 0.500 3000 | 2550 4533 38403200 2667 2133 
21.15 0.188 1370 «| S«1165 si) s868—:—i(| sd 804 643 
| 22:88 =| 0.203 1480 = -1258 =| = «1476 1251 1042 869 =—s«9 
| 2460 | 0.219 | 1600 1360 1593 1349 1124 937 750 
| 28.04 | 0.250 | 1820 | 1547 1819 1541 | 1284 1070 856 
10 | 1075 | 31.20 | 0279 | 2030 | 1726 2030 | #1719 «=| «(1433 | «1194 955 
| | 34200 | (0.307 | 2240, | 1904 2233 1819 | = 1576 1314 1051 
| | 38.20 | 0344 | 2510 | 2134 | 2502 2120 «| 1766 1472 1178 
| 40.48 | (0.365 2660 | 2261 2655 2249 «| «= (1874 1562 1250 
48.18 0.438 «=| 3000 | 2550 3186 2699 2249 1874 1499 
| 54.74 0.500 | 300025503687 3081 2567 2140 1712 
27.22 | 0.203 | 1250 | 1063 1245 1055 879 733 586 
29.28 | 0.219 | 1350 1148 1343 1138 948 790 632 
33.38 86©| «= 0.250 | «= 1540 | = (1309 1533 | «1299 1082 902 722 
| 37.45 0.281 | 1730 | 1471 1724 1460 =| = (1217 1014 | 81 
| | 451 | 0.312 1920 | 1632 1913 1621 | 1351 1126 =| = 900 
12 12.75 | = 43.77 0.330 | 2030 | 1726 | 2024 1714 1429 1191 | (9852 
45.55 0.344 | 2110 | 1794 | 2110 178) 1489 1241 993 
| 49.56 0.375 2300 «=| «61955 S| «= 2300S |S «1948 1624 1352 1082 
| $3.56 0.406 | 2490 | 2117 2491 =| = 2110 1758 1465 =| «1172 
57.53 0.438 «=| = 2690 2287 2686 2275 1896 =| 1580 | 1264 
65.42 0.500 3000 ==: 2550 3067 2598 2165 | 1804 | 1443 
3093 | 0210 | eo | 003 | 1173 | 994 | 82s | 690 | 552 
32.20 0.219 1230 «| «(1046 1223 | 103 | 863 | 720 576 
36.71 0.250 | 1400 | 1190 | 1397 1183 985 | 822 | 657 
41.21 0.281 | 1570 | 1335 | 1570 1330 =| ~=—-1108 924 | (739 
14 14 45.68 0312 | 1750 | 1488 | 1748 1476 =| «= 1230, |S (1025 820 
50.14 0.344 | 1930 1641 | 1922 | 1628 | 1357 | 1931 | 904 
54.57 0.375 =| 2100 | «1785 2094 | 17741478 | 1282 | 986 
63.37 0.438 «=| «62450 | «(2083 2446 «=| «=2072,—s |S s«1727,—ts—«|Ss«*1439 1151 
72.09 0.500 | = 2600 2380 2793 2366 =| 1972 | 1643 1314 
smpeumes — ee a a ee eS a ee eee ee ee, ee a 
| 36.87 0219 | 1080 | 918 1070 =| «0S 906 755 | B80 504 
| 42.05 0.250 | 1230 | = (1046 1222 | «= 1035 83 6tiséS719 575 
47.22 0.281 1380 1173, | = 1374 | 1164 970 808 646 
16 | 16 52.36 0312 | 1530 1301 «| «= 1525 | |= 1282) | «=. 1076s | = 897 718 
57.48 0.344 | 1690 1437, | s«1681 1424 «| 1187, |S 989 791 
62.58 0.375 1840 1564 1833 1552, | «1294 «=| = :1078 862 
72.12 0.438 2150 = 1828 | 4d} 1814 | 1511 1260 1008 
_ | 8277_|_ 0500 | = 250 | 2083 | aa | 2070S} 1725 | 488 1150 
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WORKING PRESSURES OF PIPE 
(Based on ASA Code B 31.8-1958) 
Table 4, Page 2 
API Standard 5LX-46 — 
Seamless, Electric Resistance Welded, Electric 
Flash Welded, and Submerged Arc Welded Pipe 
(Specified Minimum Yield Strength — 46,000 psi) 
l 2 3 4 5 6 
Maximum Working Working Working Working 
Specified 85% of Hydrostatic | Pressure, Pressure, Pressure, Pressure, 
Nominal | Outside Wall Mill Test | Mill Test Test Type “A” | Type “B” | Type“C” Type “D” 
Size Diameter Weight Thickness Pressure Pressure Pressure (Construction |Construction |Construction | Construction 
(in.) (in.) (lb/ft) (in.) (psi) (psi) (psi) (psi) (psi) (psi) (psi) 
47.39 0.250 1090 927 1086 =S(iéCt~<‘ézTSC#;~*;‘“C;«<t;é‘ézS*«<‘<C;<;‘«*z DS 
53.22 0.281 1230 1046 1221 1034 862 718 574 
59.03 0.312 1360 1156 1356 1148 957 788 638 
18 18 64.82 0.344 1500 1275 1494 1266 1055 879 703 
70.59 0.375 1630 1386 1629 1380 1150 959 167 
16.34 0.406 1770 1505 1764 1494 1245 1038 830 
82.06 0.438 1910 1624 1903 1612 1343 1120 896 
93.45 0.500 2180 «| «= (1853 2173 1840 1534 1278 1022 
52.73 0.250 930 | 833 978 828 re a ee 
59.23 0.281 1100 «=| = (935 1099 931 716 647 517 
65.71 0.312 1220 1037 1216 1030 858 715 572 
20 20 72.16 0.344 1350 1148 1345 1139 949, 791 633 
78.60 | 0.375 1470 1250 1466 1242 1035 863 690 
85.01 0.406 1590 1352 1588 1345 1121 934 147 
91.41 0.438 1720 1462 1713 1451 1209 1008 806 
104.13 0.500 1960 1666 1955 1656 1380 1150 920 
58.07 | 0.250 890 157 888 152 627 523 418 
65.24 0.281 1000 850 999 846 705 588 470 
72.38 0.312 1110 944 1109 940 183 653 522 
22 22 79.51 0.344 1230 1046 1223 1036 863 720 576 
86.61 0.375 1340 1139 1333 1129 941 784 627 
93.69 0.406 1450 1233 1443 1223 1019 849 679 
100.75 0.438 1560 1326 1557 1319 1099 916 133 
114.81 | 0.500 1780 1513 1777 1506 1255 1046 836 
63.41 | 0.250 | 820 67814 690 515 479 383 
71.25 0.281 920 782 915 115 646 539 431 
79.06 | 0.312 1020 867 1017 861 718 598 478 
86.85 0.344 1130 961 1121 950 791 660 528 
24 24 94.62 0.375 1230 1046 1222 1035 863 719 575 
102.37 0.406 1330 1131 1323 1120 934 178 622 
110.10 0.438 1430 1216 1427 1209 1007 840 671 
125.49 0.500 1630 1386 1629 1380 1150 959 167 
68.75 | 0.250 760 646 151 636 530 442 354 
77.25 0.281 850 723 845 116 596 497 398 
85.73 0.312 940 799 938 195 662 552 442 
94.19 0.344 1040 884 1034 876 730 609 487 
26 26 102.63 0.375 1130 961 1128 955 196 664 531 
111.05 0.406 1230 1046 1221 1035 862 719 575 
119.44 0.438 1320 1122 1317 1115 929 115 620 
136.17 0.500 1510 1284 1504 1274 1061 =| == 885 708 
74.09 0.250 700 595. 698 591 493 41 328 
83.26 0.281 790 672 785 665 554 462 369 
92.41 0.312 880 748 871 738 615 513 410 
28 28 101.53 0.344 970 825 961 814 678 565 452 
110.64 0.375 1050 893 1047 887 739 616 493 
119.72 0.406 1140 969 1134 960 800 667 534 
128.79 0.438 1230 1046 1223 1036 863 720 576 
146.85 0.500 1400 1190 1397 1183 986 822 657 
19.43 | 0.250 | 660 561 sé 552 460 384 307 
89.27 0.281 740 629 733 621 517 431 345 
99.08 0.312 820 697 813 689 574 479 383 
108.88 0.344 900 165 897 760 633 | | 528 422 
30 30 118.65 0.375 980 833 978 828 690 | 575 460 
128.40 0.406 1060 901 1058 896 47 «| (623 498 
138.13 0.438 1150 978 1136 963 802 | 669 535 
157.53 0.500 1310 1114 1303 | 1104 920 | 167 613 
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WORKING PRESSURES OF PIPE 
(Based on ASA Code B 31.8-1958) 
Table 5 
API Standard 5LX-52 — 
Seamless, Electric Resistance Welded, Electric 
Flash Welded, and Submerged Arc Welded Pipe 
(Specified Minimum Yield Strength — 52,000 psi) 
| 1 | 2 3 4 5 6 
| | | Maximum Working Working Working Working 
| | Specified | 85% of | Hydrostatic | Pressure, Pressure, Pressure, Pressure, 
Nominal | Outside Wall | Mill Test | Mill Test Test Type “A” | Type “B” | Type “C” | Type “D” 
Size | Diameter Weight Thickness | Pressure | Pressure | Pressure (Construction |Construction Construction | Construction 
(in.) (in.) (lb/ft) (in.) (psi) | (psi) | (psi) (psi) (psi) (psi) (psi) 
——|—__—_—— ——|——_——_——— | ——_-—_—— | -—___—_—___| ——|} —_—— —- 
| 12.89 0.188 2220 1887 2508 2125 1771 1476 1180 
14.97 0.219 | 2580 2193 2922 2475 2063 1719 1375 
| 17.02 0.250 | 2950 2508 | 3336 2826 2355 1963 1570 
6 6.625 18.97 0.280 =| 3000 | 2550 | 3736 3164 2637 2198 1758 
21.07 0.312 | 3000 2550 4163 | 3527 2939 2449 1959 
23.06 0.344 | 3000 2550 4590 | 3888 3240 2700 2160 
25.03 0.375 | 3000 | 2550 5004 | 4239 3532 2949 2355 
28.57 0.432 | 3000 | 2550 5765 4883 4069 3391 2713 
= = ——|— —_—|—___——_—_|—_ |- ————— —o . = satiate 
16.90 0.188 1710 1454 | 1927 1632 1360 1134 907 
18.27 0.203 | 1840 1564 | 2081 1763 1469 1224 979 
19.64 0.219 1990 1692 2245 1901 1585 1321 1056 
22.36 0.250 | 2270S | 1930 | 2562 | 2170 1808 1507 1206 
24.70 0.277 | 2510 | 2134 | 2839 | 2405 2004 1670 1336 
8 8.625 27.74 0.312 2830 | 2406 3198 2709 | 2257 1881 1505 
28.55 | 0.322 2920S | 2482) | 3301 2796 2330 1947 1553 
30.40 0.344 3000 Ss 2550 | 3526 2987 | 2489 2074 1659 
33.04 0.375 3000 2550 | 3844 3256 | 2713 2261 1809 
38.26 0.438 3000 2550 | 4489 3802 3169 2641 | 2112 
43.39 0.500 | 3000 2550 5125 434] 3617 3015 | 2412 
at Ge Eee: Sees Peewee ee! ~————_|——_— See eee as : 
21.15 | 0.188 1550 1318 1546 | 1310 1019 910 728 
22.88 =| 0.203 1670 | 1420 | 1669 | 1414 1178 982 786 
| 24.60 0.219 1810 | 1539 | 1801 | 1526 1271 1060 848 
| 28.04 0.250 2060s 1751 | 2056 1742 | 1451 1210 968 
31.20 0.279 2300 1955 2294 1943 1619 1350 1080 
10  —‘:10.75 34.24 | 0.307 2530 2151 2525 2138 1782 1485 1188 
| 38.20 | 0.344 2830 2406 | 2829 2396 1997 1664 | 1331 
40.48 0.365 | 3000 2550 =§=—s_- 3001 2542 2119 1766 | 1412 
48.19 0.438 3000 2550 3601 3051 2542 2119 | 1695 
54.74 0.500 | 3000 2550 4111 3483 2902 2419 | 1935 
27.22 | 0.203 1410 1199 1408 1192 994 828 | 662 
29.28 0.219 1520 1292 1518 1286 1072 893 | 714 
33.38 0.250 1740 1479 1733 1468 1223 1020 | 816 
37.45 | 0.281 1950 1658 1948 1650 1375 1146 917 
41.51 | 0.312 2170 1845 2163 1832 1527 1273 | 1018 
12 12.75 43.77 0.330 2290 1947 2288 «=| «= «1938 1615 1346 | 1077 
45.55 0.344 2390 2032 2385 2020 1684 1403 | 1122 
49.56 0.375 2600 2210 2599 2202 1835 1529 | 1223 
53.56 0.406 2820 2397 2815 2385 1987 1656 | 1325 
57.53 0.438 3000 2550 3037 2573 2144 1787 | 1429 
65.42 | 0.500 3000 2550 3466 2936 2447 2039 | 1631 
33 Dee ae eee i= pl Shs ‘ ag ee es aes 
| 30.93 0.210 1330 1131 1326 1123 936 780 | 624 
32.20 | 0.219 | 1390 1182 | 1383 1171 976 814 650 
36.71 | 0.250 | 1580 1343 1578 1337 1114 929 | 7143 
41.21 | 0.281 | 1780 1513 | 1774 1503 1252 1044 835 
14 14 45.68 | 0.312 | 1980 1683 | ~—-1970 1669 1391 1159 927 
50.14 0.344 | 2180 1853 2172 1840 1533 1278 1022 
54.57 0.375 =| 2370 2015 2368 2006 1672 1393 1114 
63.37 0.438 2770 2355 2766 2343 1952 1627 | 1302 
72.09 0.500 3000 2550 3160 2674 2228 1857 1486 
36.87 0.219 1220 1037 1210 1025 854 712 570 
42.05 0.250 1390 1182 1381 1170 975 813 650 
47.22 0.281 1560 1326 1553 1315 1096 914 731 
52.36 0.312 1730 1471 1724 1460 1217 1014 811 
1) 16 57.48 0.344 1910 1624 1901 1610 1342 1118 894 
62.58 0.375 2080 1768 2071 1755 1462 1219 975 
72.72 0.438 2430 2066 2420 2050 1708 1424 1139 
82.77 0.500 2770 2355 2763 2340 1950 1625 1300 
66 American Gas Journal, GAS HANDBOOK ISSUE, August 15, 1960 

















WORKING PRESSURES OF PIPE 
(Based on ASA Code B 31.8-1958) 
Table 5, Page 2 
API Standard 5LX-52 — 
Seamless, Electric Resistance Welded, Electric 
Flash Welded, and Submerged Arc Welded Pipe 
(Specified Minimum Yield Strength — 52,000 psi) 
| 2 3 $ 5 6 
Maximum Working Working Working | Working 
Specified 85% of Hydrostatic | Pressure, Pressure, Pressure, | Pressure, 
Nominal | Outside Wall Mill Test Mill Test Test Type “A” | Type “B” | Type “C” | Type “D” 
Size Diameter Weight | Thickness Pressure Pressure Pressure (Construction |Construction |Construction | Construction 
(in.) (in.) | (lb/ft) = | (in.) (psi) (psi) (psi) (psi) (psi) (psi) (psi) 
47.39 0.250 1230 1046 1227 1040 866 722 578 
53.22 0.281 1380 1173 1380 1169 974 812 650 
59.03 0.312 1540 1309 1533 1298 1081 902 721 
18 18 64.82 0.344 1690 1437 1690 1431 1192 994 795 
70.59 0.375 1850 1573 1842 1560 1300 1084 | 867 
76.34 0.406 2000 1700 1994 1689 1408 1173 938 
82.06 | 0.438 2160 1836 2151 1822 1519 | 1266 1012 
93.45 | 0.500 2460 2091 2456 2080s 1733 1445 1156 
52.73 0.250 | 1110 944 1105 935 780 | 650 520 
59.23 0.281 1250 1063 1242 1052 877 732 584 
65.71 0.312 1380 1173 1379 1168 973 811 649 
20 20 72.16 0.344 1530 1301 1521 1288 1073 895 716 
78.60 0.375 1660 1411 1658 1404 1170 975 780 
85.01 0.406 1800 1530 1794 1520 1267 1051 844 
91.41 0.438 1940 1649 1936 1640 1367 1139 911 
104.13 0.500 2220 1887 2210 1872 1560 1300 1040 
58.07 0.250 1010 859 1005 851 709 591 473 
65.24 0.281 1130 961 1129 956 797 664 531 
72.38 0.312 1260 1071 1254 1062 885 738 590 
22 22 | 79.51 0.344 1390 1182 1382 1171 976 813 650 
86.61 0.375 1510 1284 1507 1277 1064 887 709 
93.69 0.406 1640 1394 1631 1382 1151 960 768 
100.75 0.438 1770 1505 1760 1491 1243 1036 828 
114.81 0.500 2010 1709 2009 1702 1418 1182 946 
63.41 0.250 930 791 921 780 650 542 433 
71.25 0.281 1040 884 1035 877 731 609 487 
79.06 0.312 1150 978 1149 973 811 676 541 
24 24 86.85 0.344 1270 1080 1267 1074 895 746 596 
94.62 0.375 1390 1182 1381 1170 975 813 650 
102.37 0.406 1500 1275 1495 1266 1055 875 704 
110.10 0.438 1620 1377 1613 1367 1139 949 759 
125.49 0.500 1850 1573 1842 1560 1300 | 1084 867 
68.75 0.250 860 731 850 720 600 500 400 
77.25 0.281 960 816 955 809 674 562 450 
85.73 0.312 1070 910 1061 899 749 624 499 
4°) 26 94.19 0.344 1170 995 1170 991 826 688 550 
102.63 0.375 1280 1088 1275 1080 900 750 600 
111.05 0.406 1390 1182 1380 1169 974 812 650 
119.44 0.438 1490 1267 1489 1261 1051 876 701 
136.17 0.500 1700 1445 1700 1440 1200 | 1000 800 
74.09 0.250 790 672 790 669 557 | 465 372 
83.26 0.281 890 157 887 752 626 522 418 
92.41 0.312 990 842 985 834 695 | 580 464 
28 28 101.53 0.344 1090 927 1086 920 767 639 511 
110.64 0.375 1190 1012 1184 1003 836 697 557 
119.72 0.406 1290 1097 1282 1086 905 154 603 
128.79 0.438 1390 1182 1383 171 976 814 651 
146.85 0.500 1580 1343 1578 1337 1114 | 929 7143 
79.43 0.250 740 629 737 624 520 434 347 
89.27 0.281 §30 706 805 701 584 | 487 390 
99.08 0.312 920 782 920 779 649 541 433 
108.88 0.344 1020 867 1014 859 716 597 417 
30 30 118.65 0.375 1110 944 1105 936 780 650 520 
128.40 0.406 1200 1020 1196 1013 844 704 563 
138.13 0.438 1300 1105 1290 1086 911 759 607 
157.53 0.500 1480 1258 1473 1248 1040 867 693 
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Visual Identi 


Often during the course of his work 
it is necessary for the engineer in the 
field to identify specific kinds of pipe 
as to their method of manufacture. Al- 
though it would require a complete 
laboratory examination to positively 
identify a specimen of pipe as to its 
specific API or ASTM specifications, 
various kinds of line pipe have charac- 
teristics that enable them to be readily 
identified by visual examination when 
mill stenciling or other identification 
has been lost. 

Line pipe generally can be classified 
into five groups related to method of 
manufacture. These five common pipe 
fabricating processes produce pipe that 
can be classified as follows: Seamless, 
electric resistance welded, electric 
fusion welded, lap welded, and butt 
welded. In general, it can be said that, 
although all imperfections are not in- 
jurious, pipe can be identified most 
easily through defects occurring during 
fabrication. 


Seamless Pipe 

Seamless, as the class name implies, 
has no welded seam; it is produced by 
spinning and pushing a heated billet 
over a Stationary piercing mandrel. By 
this process, it is theoretically possible 
to manufacture a tube of uniform wall 
thickness, roundness and surface finish. 
One imperfection or a combination of 
slight imperfections, however, pro- 
duced into the pipe during fabrication 
serve positively to identify seamless 
pipe. Longitudinal spiraling internal 
mandrel scores in varying degrees of 
depth and quantity are found. Another 
defect appears as spiraling folds, called 
“seams,” found on either surface for 
any length along a joint of pipe. A 
third characteristic of seamless pipe 
may be non-uniform wall thickness that 
results when the inside diameter is not 
concentric with the outside diameter. 
The thick portion of the wall will al- 
ways be diametrically opposite the thin 
portion. 


Identifying characteristics: 

1. Absence of a welded seam; 

2. Longitudinal spiraling internal 
mandrel scores; 





Seamless Pipe 






Electric Resistance Welded Pipe (Flash) 


3. Spiraling internal or external 
folds (seams); 
4. Eccentricity of ID to OD. 


Electric Resistance Welded Pipe 

Electric resistance welded pipe is 
cold formed from long lengths of hot 
rolled sheet, called skelp, and then 
welded under pressure by heat from 
electric resistance without the addition 
of a filler metal. Two types come under 
this classification, each having its own 
characteristics. One type of resistance 
welded pipe is formed into a tube in 
progressive pressing operations and 
welded instantaneously by a flash 
welding process. Principal indentifying 
characteristic of this product is the 
resulting upset weld. After welding, 
the flash is machined, leaving a keyed 
upset 1/32 to 1/16-in. high by %4 to 
¥2-in. wide on both internal and ex- 
ternal surfaces. 


Identifying characteristics: 

1. Uniform wall thickness; 

2. Smooth internal and external 

surfaces; 

3. Flat key upset on both weld sur- 

faces. 

A second type of resistance welded 
pipe is formed on a series of forming 
rolls and electric resistance welded un- 
der stationary rolling electrodes as the 
pipe moves down the mill. The weld 
flash thus produced is completely trim- 
med off on both surfaces while still hot 
to produce contoured surfaces flush 
with the contour of the pipe wall. Sev- 
eral irregularities found in the weld 
zone distinguish this type of manufac- 
ture. When new, the weld zone shows 
a characteristic metallic blue color 
where it has been heated. A worn elec- 
trode can cause a path of slight feath- 
ered electrode burns in the metal along 
both sides of the weld. Also, the in- 
ternal flash trimmer cannot be con- 
trolled as easily as the external trim- 
mer and may leave either a slight upset 
band at the weld, or gouge a shallow 
undercut at the internal surface of the 
weld. 


Identifying characteristics: 
1. Uniform wall thickness; 
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fication of Line Pipe 





Electric Resistance Welded Pipe 
(Continuous) 


2. Smooth internal and external 
surfaces; 

3. Slight upset or undercutting at 
internal weld surface; 

4. Electrode feather burns along ex- 
ternal weld zone. 


Electric Fusion Welded Pipe 

Although there are several types in 
this classification, all are electric 
welded with the addition of a filler 
metal. The weld can be made manually, 
the practice at small shops, or it can 
be made continuously with automatic 
equipment. The tube may be formed 
with a longitudinal weld seam, or it 
may be formed spirally. All types ex- 
hibit the typical weld bead of filler 
metal. 


Identifying characteristics: 

1. Uniform wall thickness; 

2. Smooth internal and external 
surfaces; 

3. Prominent fusion weld bead 
present. 


Lap Welded Pipe 

Lap welded pipe is made by heating 
the entire skelp and then forcing it 
over a mandrel with a pair of rolls em- 
bossed with a herringbone or knurled 
pattern. The pressure of the welding 
rolls completes a lap weld and also im- 
presses a most distinctive herringbone 
or knurled pattern into the external 
surfaces of the pipe. Longitudinal 
scratches caused by the mandrel often 
can be found on internal surfaces and 
the lapped edge of the weld often can 
be seen on either surface as an irregu- 
lar line, especially after a period of use 
under corrosive attack. 

Identifying characteristics: 

1. Prominent external herringbone 

or knurled pattern; 
2. Internal longitudinal scratches; 
3. Lap weld sometimes visible as 
irregular line on either surfac« 


Butt Welded Pipe 
Butt welded pipe has been made :n 
sizes not exceeding 442-in. OD by two 
different processes, loosely called 
“furnace welded” and “continuous 
welded.” In furnace welded pipe, ske!p 











ae a ee ee 





vith square cut or slightly beveled 
»dges is heated to welding temperature 
in a furnace and then drawn through a 
funnel shaped die or through welding 
rolls into tubular form with sufficient 
edge pressure to make a welded seam. 

Continuous welded pipe is the prod- 
uct of a more modern method of butt 
welding in that the skelp is drawn 
through a furnace from endless coils, ae ee 
the end of one coil being machine flash Lap Welded Pipe 
welded ” the leading end of a new Identifying characteristics: scratches adjacent to external 
coil. The per produced by both 1. Smooth internal and external weld; 
methods are difficult to distinguish surfaces; Visible straight line weld inter- 
ree each other and either can be con- 2. Longitudinal or feathered nally or externally. 
fused easily with seamless, unless care- : 
fully inspected. 

Characteristic defects are few and 
not very pronounced when they do oc- 
cur. Both types are smooth internally 
and externally with occasional external 
longitudinal scratches or feathered 
scratches adjacent to the weld. The 
straight weld usually can be seen down 
the length of the pipe on either surface 
varying from an almost invisible hair- 
line to a prominent V-shaped notch. Butt Welded Pipe (Furnace) 
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Electric Fusion Welded Pipe 
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Butt Welded Pipe (Continuous) 





Lowest Recorded Temperatures and Annual Degree Days for U. S. and Canadian Cities 


So 


oa e 


DEGREE DAYS is a term used to express the intensity of the heating season. days for the year. Experience has shown that the gas heating season starts 
It is the difference between 65 F. and the daily mean temperature. The sum when the monthly mean temperature is 65 F., and that gas consu ~n*ion for 
of these differences for every day of the heating season is the total degree house heating is proportional to the drop in temperature below 65 F. 

. Min. Degree : Min. Degree- ; Min. Degree- 
City Temp. Days City Temp. Days City Temp Days 
Alabama Maine Ohio 
Montgomery 5 1886 Bar Harbor —21 7643 Cincinnati - 17 4702 
Tuscaloosa 7 2529 Portland -21 7012 Cleveland ! pita, 
Arizona Maryland C a 20 532 
Flagstaff 25 7145 Baltimore mn 4333 Oklahoma — . . 
Tucson 6 1845 M h —— City U a 
assachusetts ulsa 5 = 
Little. Rock 12 2811 on a a Orevon 
foxeehonn 5 36 Williamstown 26 221 Portland 2 4468 
Hes ji Michigan Wallowa 38 360 
California . . Cadillac -36 7967 Pennsvivania 
spl og rr a Detroit —28 6494 Philadelphia anil 4855 

acramento 19 2654 Grand Rapids 24 6534 Pittsburgh —20 5235 
San Francisco 29 3264 Sault Ste. Marie 37 9281 Scranton —A3 6129 
Co’orado Dp Minnesota Rhode Island 
Colorado Springs 27 6553 Duluth 41 9480 Providence 12 6014 
Denver 29 5873 Minneapolis 33 7851 South Carolina 
Co necticut Rochester -42 8123 Charleston 7 1769 
Hartford 18 6037 M'ssissippi Spartanburg 4 3257 
New Haven “14 5895 Corinth 8 3411 South Dakota 
Delaware Vicksburg —1 1809 Aberdeen —46 8709 
Wilmington as 4788 Missouri Jefferson —48 8419 
District of Columbia Kansas City -22 5202 Tennessee 
Washington —15 4626 St. Louis 22 4585 ee 6 = 
Florida Montana ae? Nashville 3 3578 
Monticello 16 1129 Billings —49 115 y 
Tampa 9 296 Butte —33 8271 Dalles 10 2455 
Georgia Nebraska jai Galveston 8 1016 
Atlanta —8 2891 Dumas n+ 203 San Antonio 4 1202 
Macon ae 2203 Omaha —32 6128 Utah 
Savannah 8 1490 Nevada Provo 33 6184 
idaho Las Vegas 8 2842 Salt Lake City a," 5553 
Boise —28 4558 Reno —19 5891 Vermont 
Springfield —28 7477 New Hampshire Burlington — 7620 
Hlinois Concord —35 6852 Northfield —41 8420 
Chicago = 6315 Hanover —37 8063 Virginia 
Springfield —24 5370 New Jersey Fredericksburg —21 4243 
Indiana Atlantic City = 7 5175 Richmond - 3 3725 
Evansville até 4164 Trenton —13 4934 Washington 
Indianapolis —25 5297 New Mexico Seattle 3 4868 
South Bend —20 6076 Albuquerque —10 4303 Spokane .... —30 6353 
lowa Santa Fe —13 6063 West Virginia # 
Des Moines —30) 6373 Charleston —17 3786 
Sioux Cit 1 aly 7023 New York 5 Wisconsin 

ity : -- Albany —24 6889 & 5 1372 
Kansas Buffalo —l4 6821 Milwaukee —_35 9750 
Topeka . —25 5301 New York City —13 5348 Superior . —3! 0 
Wichita | —? 4877 Saranac Lake —39 8673 Wyoming - 6979 

. ; —3 
Kentucky North Carolina p< = 7462 
Lex ington aay | 4616 Greensboro — 3 3527 
4 : : ‘obsea z 3302 Canada 

Louisville. —20 4180 Wilmington a Vancouver, B. C 5976 
Lov isiana North Dakota Winnipeg, Man. 11166 
New Orleans 7 1023 Bismarck -45 8494 Toronto, Ont. 7732 
Shreveport .... — 5 1938 Hannah —54 10714 Montreal, Que. 8705 


om AGA ‘‘Househeating'’ and U. S. Weather Bureau. 
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e 500-lb working pressure, ASA 400-lb, ASA 600-lb, and 800-Ib 
Flange Matching hydraulic cast iron. 
Moving to the second table, “Number and Diameter of Stud 
Bolts,” it can also be found that the same six types of flanges 
can be considered. 





One of the problems frequently facing engineers in the gas 
utility operations is determining what flange to use with a certain 






















type of valve. Valves are made in a variety of types with an Moving to the third table, “Flange Diameter — Inches,” 
equally large number of standard specifications. Valves com- again the same six types will match and can be considered. 

monly used in gas distribution operations range from 125-Ib. In the fourth table, “Flange Thickness — Inches,” the choice 
working pressure up to 2500-lb. working pressure. In this range, is narrowed. Only two flange specifications match — the 250-Ib 
there are at least 11 different flange dimension standards. Some cast iron and the ASA 300-lb raised face flange. Both have a 
flanges are interchangeable, some are not. thickness of 11-in. If matching flanges are desired, then only the 
_ Matching flange dimensions of valves with available flange ASA 300-lb flanges should be specified to match the valve flanges. 
fittings can often be a frustrating experience for even the most To make the selection task somewhat simpler, AMERICAN Gas 
seasoned engineer. JOURNAL has prepared the following “Flange Matching Tables,” 

Use of the tables on “Flange Data,” in this Gas Handbook which provide data on various types of semi-steel plug valves and 
Issue can help simplify the problem. their matching flanges. 

Example: A 3-in. 500-lb WOG valve furnished with 250-lb The tables can also be used for other types of valves if the 
cast iron raised face flanges is to be installed. What ASA steel flange specifications of the valve are known. (This can be 
flange should be specified to match this valve? obtained from manufacturers’ catalogs.) For example, if the 

Checking the tables, beginning with “Diameter of Bolt Circle valve is furnished with 125-lb cast iron flanges, refer to the first 

-Inches,” it can be found that there are six different tvoes of table to find the matching flange. If the valve is furnished with 
flanges that may be considered — 250-lb cast iron, ASA 300-lb, 250-Ib cast iron raised face flanges, refer to the second table. 










Flange Matching Table for Semi-Steel Plug Valves 





\ 175-lb WOG 350-lb Test } \ ASA 150-Ib Flat Face or 
VALVES: /200-Ib WOG 400-Ib Test (Note 1) “FLANGES: -125-lb (175-lb WOG) Lt. Wt. Taper Face (Note 4) 
1120-Ib WOG 240-Ib Test \ lor 125-Ib Cast Iron 


















Boit Circle Diameter 3% 4% \ } 2 ] 17 18% 

Number of Bolts 4 4 4 4 8 8 8 12 12 12 16 

Bolt Diameter % VY Y, % % % p Vs é ] ] 1% 1% 
Bolt Length 2 2% 2% 2Y, 2% 3 3 3% 3Y 3% 3% 4% 4 4% 5 
Flange Diameter 4% 4% 5 6 7 7 9 11 13% 16 19 21 3 Fes 7 
Flange Thickness, ASA 6 Ye 11/6 A § 156 15/6 l 1% 13/6 1% 1% 17/6 1%e 111/¢ 
Flange Thickness, C.1. Ag WY) 9 Me n 4 15 ] 1% }3 1% 13 1A¢ 1%6 "lh 



















| 400-lb WOG 800-Ib Test (Note 2) | ELANGES: } ASA 300-lb Raised Face 


VALVES: | 500-Ib WOG 1000-Ib Test (Note 3) | | 250-Ib Cast Iron Raised Face 



















1% 
Bolt Circle Diameter , J ; 5 6° 73 
Number of Bolts 4 4 8 8 12 12 16 6 20 20 
Bolt Diameter % % a) % 4 % VV, 4 g 1 1% 1% 1% 1% l% 
Bolt Length, Stud Bolts 3% 3% 3% 3% ay, 4 Y 4% 5 5% 6% 7 7% 8 8Y% 8% 
Machine Bolt Length 2% 2% 2% 3 3% 3% 4 4% 4% 5Y, 5% 6% 6% 7 7% 
Flange Diameter 4% 5% 6% 6% 1% 8% 10 12% 15 17% 20% 23 25% 28 30% 
Flange Thickness hg % 1i/¢ g ] 1% 1% l7A6 1% 1% 2 2% 2% 2% 2% 
Diam. of 1 16-in. ASA R.F. 2 2% 2% 3% 4V, 5 6%6 8% 10% 12% 15 16% 18% 21 23 
Diam. of 1 16-in. C.1. R.F. 3%e 43 5 1 Oil. 11'%¢ 141/¢ 167A6 1815/¢ 21'As 236 25%¢ 


























VALVES: 800-lb WOG 1600-Iib Test FLANGES: ASA 600-Ib Raised Face (Note 5) 



















Bolt Circle Diameter 5% l 

Number of Bolts 8 8 2 

Bolt Diameter “8 % " 8 l 1% 1% 1% 
Bolt Length, Stud Bolts 4Y, 5 5% 6 7 7% 8% 9 
Flange Diameter 6% 7% 8% 10% 14 16% 20 22 
Flange Thickness, ASA 600-Ib 1 1% 1% 1% 1% 23/6 2% 2% 
Flange Thickness, 800-Ib Hyd. C.1. 1% 1% 1% 1% 2% 2 2% 3 





























NOTE 1: NOTE 2: NOTE 3: 
NOTES: In some cases Cap Screws ow Bolt- 200-Ib WOG 490-Ib WOG 500-Ib WOG 
Studs are necessary. When this is true, 400-Ib Test 800-Ib test 1000-Ib test 
the number of Cap Screws required is Semi-steel valve type short pattern short pattern Venturi pattern 
subtracted from the number of bolts Size 6 8 10 12 9 2% 3 12 
given in the table to determine the No. of nnd pea or Bolt-Studs : 4 2 2 4 4 2 2 
a" Cap Screw Lengt “4 2% 24% 2 2% 2% Ys 
whet Retting. Bolt-Stud Length 3 | 3% | 34 | 3% | 2% | 3% | 3% 5% 






















NOTE 4: The 125-lb light weight taper face flange has same maximum NOTE 5: Except for flange thickness and length of bolts required, ihe 
service pressure rating as the Class 125 cast iron or ‘‘semi- 800-Ib Hydraulic Cast Iron flange has same dimensions ¢5 
steel"’ valve. the ASA 600-lb Steel flange. Customary practice is to vse 





ACKNOWLEDGMENT: The flange matching tables presented here are based in part the ASA 600-lb flange instead of the 800-lb Hydraulic ¢ I. 


on data in ‘‘Flange Matching Tables,'’ published and copyrighted by Tube Turns flange. 
Division of Chemetron Corporation, and reproduced by permission 
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* * 3 
Resistance of Valves and Fittings to Fluid Flow 
Example 
The dotted line shows that the 
-_ resistance of a 6-inch Stand- 
ard Elbow is equivalent to 
approximately 16 ft of 6-inch 
Stand ipe. 
0° Oo tandard Pipe 
Note 
Globe Valve, Open Gate Valve L 3000 For sudden enlargements or 
vel . sudden contractions, use the 
a Closed . - : 
L 2000 smaller diameter, d, on the 
‘2 Closed pipe size scale. 
r——4 Closed P 
Fully Open 
- 1000 
4 = 50 
7 48—-+ 
; 42—— 
9 500 ig 
Angle Valve, Open Standard Tee - 36—+ 
/ ir F 300 304-30 
, 
a 
(i 7 24 
ae ok ee Sa A Square Elbow ‘ 22 et 
Close Return Bend - 100 2 183— 
. © O 16— 
<b) om - 
. § > 4— 
Borda Entrance e50 a2 rol 
r ans a 12— 
/ = 
. L30 = 2 10——#10 ¢ 
Standard Tee —-D q © 2 o—F 0 
Through Side Outlet as L 50 a 7 = 
— —_ oO con - rT) 
Sudden Enlargement ==. 0” —— < 
:% l _—_— .. — = 
d/D — 4 s 5 em = 
d/D = 15 -10 @ “e ‘ © 
i : - © oD) — O 
emi E = % .. = 5 5 
Standard Elbow or run ‘ - E 42 
of Tee reduced ¥2 —~ |] J 3 = -5 @o = 4=——9 rd 
—_ r i 0 — 
' > —- 32——=- 
= 5 © 
LOrdinary Entrance [> a = I=“3 
“ , - 
ie) 
fey Q 2 a. 2! — 
Medium Sweep Elbow Or | ma 
run of Tee reduced * Sudden Contraction }-1 13 
— ieee | 
d/D =% a = 
— 
d/D — 15 = “W— 
ft} d/D = 34 Fr 0.5 
4 '-_+4 1 
= 
’ % 
Long Sweep Elbow or 102 a 
run of Standard Tee be AS? Elbow be 
_— 
yee 
—(). 1 an 
-O.5 
EDITOR'S NOTE: Chart is considered quite accurate for all excess of actual practice, depending on pressure involved. In such 
sizes given for gas in pressure ranges where the Weymouth cases, service might be designed oversize. Other values are pre- 
Formula or Panhandle Formula is used. In low pressure use, where sented in the section of this Handbook on “Gas Service Design" 
the Spitzglass Formula is used, chart is reasonably accurate for and “Installation of Gas Piping on Industrial and Commercial 
mains 4-in. and larger. For smaller sizes, such as service lines 2-in. Premises (Table 1)."’ 
and smaller, pressure drops calculated by using chart may be in Chart courtesy Crane Company. 
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Showing Pressure Drop in psi per 1000 ft of Pipe 
































Flow in Flow in 
cu ft ae cu ft 
per hour Average Line Pressure in psi per hour Average Line Pressure in psi 
5 10 20 30 40 50 60 5 10 20 30 40 50 60 
¥ -in. Pipe %-in. Pipe 
100 0.5 0.4 SS © eS RR 200 0.5 037 60.26 8:21. O17 ...054 0.11 
150 105 0.8 058 044 O36 O31 0.26 250 075 O57 O39 O31 026 O21 O17 
200 1.8 1.4 095 075 063 0.52 0.44 300 | | 0.81 056 044 O36 O29 O14 
250 ae 2.1 1.4 i 0.94 0.77 0.65 400 1.8 1.4 0.96 076 O62 O51 0.42 
300 3.7 2.8 2.0 1.6 1.3 a3 0.92 500 2.8 ZA 1.5 }.2 0.95 0.77 0.65 
400 6.4 49 3.4 2.6 2.4 1.8 1.6 600 3.8 3.0 2.1 1.6 1.4 Vt 0.91 
500 2.9 12 i! 3.9 a3 2.8 2.3 700 D2 4.0 2.8 2.2 1.8 1.5 bz 
600 10.3 10.0 7.0 5.5 4.6 3.9 Wa 900 8.5 6.5 4.5 35 2.9 2.4 2.0 
700 18 13 9.2 7.4 6.0 5.2 43 1,200 10.4 10.1 La 6.1 5.0 4.0 3.4 
800 23 17 12 9.2 7.6 6.5 2.9 1,500 22 17 12 9.4 7.6 6.2 D2 
1,000 34 26 18 14 12 10 8.3 2,000 34 29 20 16 13 ll 9 
1,200 48 36 25 20 16 14 12 3,000 71 61 44 35 28 23 19 
1,500 70 55 38 29 24 21 17 
1-in. Pipe 1%-in. Pipe 
400 0.5 oP ae ee eS ae A 8 800 0.49 O38 026 O21 O17 O14 0.12 
500 0.76 O59 O43 O34 O28 O24 0.20 900 Om: O47 0:33 0:26 0:21 0.18 ~0.15 
600 1.1 0.82 06 048 O39 0.33 0.28 1,100 090 067 O48 O38 %O32 0.26 0.22 
800 1.8 1.4 1.0 081 066 056 0.48 1,500 1.6 LZ 0.85 066 056 0.47 0.40 
1,000 a | 2.1 1:5 1.2 1.0 0.85 0.72 2,000 2.8 2.1 1.5 1.2 0.97 O80 0.67 
1,200 3.9 3.0 2.1 1 1.4 i? 1.0 2,500 4.2 3.2 a3 1.8 LS 1.2 1.0 
1,400 5.1 a9 2.8 2.3 1.9 1.6 es 3,000 6.0 4.5 oe oie a La 1.4 
1,600 6.6 3:1 3.6 2.9 2.4 2.0 ed 4,000 10 8.0 5.6 4.3 3.6 3.0 25 
2,000 9.9 7.6 5.4 4.4 3.6 3.0 2.6 5,000 16 12 8.5 6.6 a 46 Be, 
2,500 15 ll 8.2 6.6 5.4 45 3.9 6,000 23 17 12 9.2 7.8 6.5 3.5 
3,000 21 16 ll 9.3 75 6.4 5.4 7,000 30 23 16 13 10 8.6 Lipt 
4,000 35 27 19 16 13 ll 9:1 8,000 40 30 21 16 14 ll 9.5 
5,000 53 4} 29 23 19 16 14 9,000 49 37 26 20 17 14 12 
6,000 75 57 41 33 27 23 19 10,000 60 45 32 24 21 17 14 
14-in. Pipe 2-in. Pipe 
1,500 Oe 032 03 0:26 023 06:35 0.16 2,500 Os O41 @02- 0.3 0:8 035 .0:35 
2,000 24 0.87 060 048 0.39 0.33 0.28 3,000 0.76 O58 041 O32 0.26 0.22 0.18 
2,500 1.7 ee 0.90 O72 O59 O49 0.41 3,500 0.96 O74 O52 O41 O33 40.27 0.23 
3,000 2.4 1.8 is 1.0 0.81 0.68 0.58 4,000 Ve 1.0 0.71 O56 045 0.38 0.32 
4,000 4.0 3.0 ae | 1.7 1.4 1.2 1.0 5,000 2.0 iB: |e 0.84 070 0.58 0.49 
5,000 6.0 4.6 3.2 2.6 ae | ® 1.5 6,000 2.8 ee 15 12 0.97 0.81 0.69 
6,000 8.4 6.4 4.4 3.6 2.9 2.4 2.0 8,000 4.9 3.8 2.6 2.1 1.7 1.4 1.2 
7,000 ll 8.5 5.9 4.8 3.9 a2 ae | 10,000 7.4 5.8 4.0 3.2 2.6 2.1 1.8 
9,000 18 13 9.3 7.5 6.2 5.1 43 12,000 ll 8.1 57 4.5 a7 3.0 7 
11,000 26 19 14 ll 8.8 PAR 6.2 15,000 16 12 8.6 6.8 5.6 47 3.9 
13,000 34 26 18 15 12 10 8.5 18,000 23 18 12 9.6 7.8 6.5 5.5 
15,000 45 34 24 19 15 13 ll 21,000 31 24 16 13 ll 8.7 7.4 
20,000 75 59 4} 33 26 22 19 25,000 42 33 23 18 15 12 10 
30,000 59 46 32 25 21 17 14 








Flow Table Instructions 


The vaiues of pressure drop in this table are based on Schedule 40 
pipe size. 

Because of the comparatively slight upstream-downstream pressure 
differences, the line pressures shown are the average values for any 
given system. For purposes of design, the average pressure indicated 
should be regarded as the downstream pressure, and the pressure drop 
should be added to this value te arrive at the upstream pressure. 
EXAMPLE ON USE OF TABLES: 

Service conditions: 

900 cu ft per hour at 50 psi downstream pressure through a 1000 ft 


of %-in. pipe. 


Find: The friction loss and upstream pressure necessary to meet 
service requirements. 


1. Select proper pipe table (34-in.). 
Line up the flow rate required (horizontally). 


wn 


Line up the downstream pressure required (vertically). 


» 


lines. 


5. Add 2.4 psi to the downstream pressure, 50 psi, to obtain ! 


upstream pressure 52.4 psi. 


Chart courtesy Kraloy Plastic Pipe Company 
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Read off the friction loss (2.4 psi) at the intersection of the ' 
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Testing of New Mains After Construction 


All gas mains should be tested after 
construction, with the exception of tie-in 
sections that are used to divide a line into 
test sections or to connect piping neces- 
sary for such testing. 

In designing a new main and determin- 
ing test pressures, consideration should be 
given to the possibility of increasing the 
pressure of the main at some future time. 
The test pressure establishes the maximum 
allowable operating pressure and once the 
line is tested, the maximum allowable op- 
erating pressure on mains operating at 
hoop stresses of 30% or more of the 
specified minimum yield strength of the 
pipe cannot be raised until the line is 
retested. 

Accordingly, the initial test should be 
made as high as possible in anticipation 
of future pressure increases in the line. In 
no case, though, should the maximum test 
pressure exceed a stress equal to the mini- 
mum specified yield strength of the pipe. 


Testing Requirements 


Mains designed to operate at a hoop 
stress of 30% or more of the specified 
minimum yield strength of the pipe should 
be given a field test after construction and 
before being placed in operation. This test 
determines the quality of workmanship 
and material, and the ability of the line to 
operate at its design pressure. 

New mains installed in Class 1 loca- 
tions (as defined in Par. 841 of ASA Code 
B 31.8-1958) are tested either with air or 
gas or hydrostatically to 1.1 times the 
maximum operating pressure. The test 
pressure should be maintained for a mini- 
mum continuous period of 24 hours. 

New mains installed in Class 2 loca- 
tions (as defined in Par. 841 of ASA Code 
B 31.8-1958) are tested with air or hy- 
drostatically to 1.25 times the maximum 
operating pressure, with the test pressure 
maintained for a minimum continuous 
period of 24 hours. 

New mains installed in Class 3 or 4 lo- 
cations should be tested hydrostatically to 
1.4 times the maximum operating pressure 
with a continuous minimum test period of 
24 hours. 

Whenever operational commitments or 
other valid reasons make it impractical to 
maintain the test pressure for 24 hours, 
the test pressure should be maintained as 
long as possible. 

Hydrostatic tests should not be made 
when 1) ground temperature at pipe depth 
is 32 F or less, or might fall to that tem- 
perature before the hydrostatic test could 
be completed, or, 2) water of satisfactory 
quality is not available in sufficient quan- 
tity. In such cases, an air test to 1.1 times 
the maximum operating pressure can be 
made. 


Leak Tests 

Mains designed to operate at 100 psi or 
more must be tested after construction 
and before being placed in operation to 
demonstrate that they do not leak. If the 
test indicates a leak exists, the leak or 
leaks should be located and eliminated. 
Test procedure used should be capable of 
disclosing all leaks in the section being 
tested. In all cases where a line is to be 
stressed in a strength-proof test to 20% or 
more of the specified minimum yield 
strength of the pipe, using air or gas as 
the test medium, a leak test should be 
made at a pressure in the range from 100 
psi to that required to produce a hoop 
stress of 20%. 

Mains designed to operate at less than 
100 psig must be tested before being 
placed in operation to determine that they 
are gas-tight. Gas may be used as a test 
medium at the maximum pressure avail- 
able in the distribution system at the time 
of the test, provided it does not exceed 100 
psig. In this case, the soap bubble test 
may be used to locate leaks if all joints 
are accessible during the test. 

Testing at available distribution system 
pressures may not be adequate if protec- 
tive coatings used on the pipe might seal 
a split pipe seam. If such coatings are used, 
a leak test pressure of 100 psig is recom- 
mended. 


Safety During Tests 

All testing of mains after construction 
should be done with due regard for the 
safety of employees and the public during 
the test. 

When air or gas is used, suitable steps 
must be taken to keep persons not work- 
ing on test operations out of the testing 
area during any period when pressures are 
raised above maximum operating pressure. 
Highway and railroad crossings should be 
manned and appropriate police, highway, 
and railroad officials should be notified 
when conditions warrant. 

When water is used for testing, it is not 
necessary to keep persons nct working on 
test operations out of the area, but they 
and appropriate police, highway, and rail- 
road officials should be notified of the 
hydrostatic test when conditions warrant. 


Testing Procedures — General 


The line or section of main should be 
backfilled throughout its length before 
starting the test, except for necessary bell- 
holes and open valve settings. Blind plates 
and caps should be installed or other suit- 
able means used to prevent escape of the 
testing media from the line under test. 

Gage pressures should be converted to 
absolute pressures by adding the baromet- 
ric pressure existing at the deadweight 


gage at the times when pressure readings 
are made. Barometric pressures should be 
determined by using a reliable aneroid 
barometer, which has been checked by 
comparison with an accurate mercurial 
barometer. 

Test gages. A minimum of two indicat- 
ing gages are required, located at opposite 
ends of the section under test. If the pres- 
sure source is not located at either end 
gage location, a third indicating gage 
should be placed at the pressure source. 

Twenty-four hour recording pressure 
and temperature gages should be installed 
to provide an official record of the test. 
Recording pressure gage should be accu- 
rate to within 5 psig in the test pressure 
range and recording temperature gage 
should be accurate to within 1 deg. F. 

A deadweight gage or tester should be 
used to establish the official test pressure, 
and should be accurate to within 0.1 psig. 

When water is used as a test medium, 
the elevation of the recording pressure 
gage, in relation to high and low points of 
the line, should be noted on the chart so 
that any elevation correction necessary 
can be made. 

All gages and recording equipment 
should be located so that their accuracy 
will not be unduly affected by atmospheric 
conditions such as direct sunshine, etc. 
Tests should be conducted so that any 
change in line temperature between be- 
ginning and end of test is at a minimum. 

All tie-in welds made after the test is 
completed, in order to facilitate pigging 
operations, water removal, etc., should be 
radiographically inspected if such inspec- 
tion has been performed on the line. 


Hydrostatic Testing 

Hydrostatic or “water” testing is re- 
quired in most populated areas when high 
test pressures are applied because the 
relative incompressibility of water reduces 
the hazard that might accompany a blow- 
out. Using water, there would be no ex- 
plosive decompression as with a gas at 
high pressure. 

Simplest and sometimes least costly 
method of hydrostatic testing is the “vent 
and drain method.” This requires instal- 
lation of vents to bleed air from high 
points and drains to remove water at low 
points of the line. Water is injected into 
and removed from the line by gravity 
flow. Economy of this method depends 
upon the number of vents and drains 
needed and cost of obtaining an accurate 
profile needed to assure complete water 
removal. 

More complex is the “pig” method in 
which water is injected into one end of a 
test section and air removed at the other 
end. A high pressure water pump is ‘sed 
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, obtain the test pressure. Air or gas is 
d to force the water out of the line 
(ter the test. In filling the line with water, 
a squeegee type pig is pushed through the 
line with water pressure, and the air is 
purged out ahead of the squeegee. Sim- 
ilarly, to assure complete removal of all 
water at end of the test, additional pigging 
is required, with air or gas used to move 
the pig or pigs. 

Either method can be used, or a com- 
bination of the two methods, particularly 
the use of pigs plus vents when hilly ter- 
rain is involved. 

Successful use of the pig method neces- 
sitates certain considerations: 


1. Line must be designed and con- 
structed so that a squeegee type pig can be 
run the full length of the section to be 
tested. This means that only long radius 
weld ells may be used, pipe must be of 
uniform nominal diameter, miters may not 
produce a deflection of more than 10 de- 
grees, and valves and laterals usually must 
be cut into the line after the test. 

2. Special equipment is needed for in- 
sertion, propelling, and removal of pigs. 
Test heads, water meters, check valves, 
pumps, filling and drain lines, gages and 
manifolds, etc., must be properly installed, 
operated, and removed. 

3. A means must be provided for con- 
trolling the speed of the pigs. If a pig were 
allowed to run free and uncontrolled, it 
could develop enough momentum to 
cause structural damage to itself or the 
line. 


e 


Hydrostatic Testing Procedure 

Preliminary engineering requirements. 
A profile survey should be made of the 
line to be tested prior to construction if 
inspection of the route on maps indicates 
elevation changes that would create ex- 
cessive stresses during hydrostatic testing. 

The inspection and/or survey should 
show: 

1. Location of vents, drains, and drips. 


+ 


2. Location of water fill pumps in re- 
lation to sources of water. 


Differences in elevation that would 
create a static head of pressure. 

Regardless of elevation changes, the 
minimum test pressure should be main- 
tained at all points on the line for the 
duration of the test. Total pressure in the 
line will be equal to the indicated pres- 
Sure at the gage locations plus or minus 
the effect of the static head pressure (ele- 
vation change in feet times 0.433) de- 
pending upon gage location. 

Pressure at highest elevation equals in- 
dicated gage pressure plus static head pres- 
Sure (static head from gage location to 
lowest elevation). 

Pressure at lowest elevation equals in- 
dicated gage pressure minus the static 
hea’ pressure (static head from gage lo- 
Cation up to highest elevation). 

Vatves. If full-opening gate or plug- 
type valves are used in the line, the line 
can ‘2 isolated into test sections by using 
the \alves. If restrictive plug-type valves 
are sed in the line, the plug valve setting 
8 Cu. omarily made after the line is tested 
and --mporary testing facilities are used. 
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Fig. 1. Line draining set-up is used to measure rate of water 
discharged which in turn measures speed of pig traveling 
through the line. By using a straight, smooth, and level pipe, 
and by placing the splash board level and one foot below 
center of pipe, length of water jet is measured along the plank. 
Nails are exactly |-ft apart. 














The open pipe end should be elevated 
up out of ditch during the pigging 
operation. 

Sources of water should be located well 
in advance of testing, as well as locations 
for disposal of water. Filters should be 
used whenever turbidity exceeds, nor- 
mally, 150 parts per million. If the pH 
value of the water is less than 4, water 
should be chemically treated to maintain 
a pH value of not less than 4. 

Whenever possible, the radius of bends 
in the line should not exceed 1% pipe 
diameters to facilitate running squeegees 
and pigs. 

Water fill and pressure pumps should 
be selected beforehand, preferably in con- 
junction with the contractor if the line is 
an outside contracted job, so that proper 
equipment will be available when testing 
operations are to begin. 

Operating requirements. Water source 
should be checked periodically for tur- 
bidity and pH value during the filling 
operation. 

The (continuing) mean ground tem- 
perature at pipe depth for the test opera- 
tion should be checked periodically to 
insure that the temperature does not fall 
below 32 F. If ground temperatures are 
above 32 F but ambient temperature is at 
32 F or below, exposed gage lines, test 
connections, etc., should be insulated to 
prevent freezing. 

Before water fill operation is begun, a 
brush type cleaning pig should be run 
through the test section to remove con- 
struction debris, dirt, etc. The line should 
also be checked to insure that drains are 
closed and vents are open. 

Some type of protection should be pro- 
vided against water draining back in case 
of reduction of water system pressure or 
pump failure. A simple swing check valve 
can be used. When water is pumped from 
a tank or other open system — such as 
lake, canal, pond, etc.—care should be 
taken that air is not taken in through the 
swirling vortex. Suction lines should be 
screened to keep out vegetation, fish, etc. 

Prior to entry of the water, a squeegee 
type pig should be inserted into the line. 
Water entering the line forces the pig 
ahead of it, and the pig forces the air out 
of the line. 

The line should be filled with water at 
a Steady rate so as to prevent formation 


of air pockets. Recording pressure and 
temperature stabilization. 

When line is believed completely full 
of water, all vents and drains should be 
cracked open to insure that a full, steady 
stream of water comes out while the fill 
pump is operating. Vents should be kept 
open as long as bubbles come out. 

As soon as line is completely full of 
water, all vents should be closed tightly. 
All connections to the line—vents, drains, 
valves, etc—should be checked for leak- 
age. If necessary, blind flanges and/or 
plates should be installed. 

When line reaches desired test pres- 
sure and pressure has equalized, pressure 
pump should be stopped. As soon as test 
pressure and temperature are established 
and equalized throughout the line, the 
official test pressure is taken from the 
deadweight tester or gage and the official 
recording pressure and temperature charts 
are started. 

The line should then be held under 
stabilized test pressure for a minimum 24- 
hour period. 


Control of Pig Speed 


Experience has indicated that the most 
successful rate of pig travel is between 2 
and 3 miles per hour (176 to 264 ft per 
min). At this speed there is less “slip- 
page” past the rubbers, there is less wasted 
time and less likelihood of damage or 
sticking. It is not always possible to at- 
tain a speed of 176 ft per min, but the 
pig should move as fast as is practical 
without exceeding the 264 ft per min 
maximum. If it should stop completely, 
the chance of mixing the fluids is greatly 
increased. 

Since the pig is always either being 
pushed by water or is pushing water, it 
woud seem that its speed would be pro- 
portional to the rate at which water is 
fed into or drained out of the line. This 
is true, in general, but involves an addi- 
tional consideration when filling the line. 

Regulating the flow of water entering 
the line will control the filling pig speed 
if the terrain is level or rising in the direc- 
tion of pig travel. When the pig reaches 
a certain point on a downhill slope, how- 
ever, the weight of the water column be- 
tween it and the top of the slope will 
cause it to continue running even if water 
injection is stopped completely. Addition 
of water at this stage will accelerate the 
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for one 105-cfm compressor to pump a 
line to required pressure when air hose 
lengths are kept to a minimum: 


TABLE | 
Filling pig speed — ft por min 


actual pig speed and water injection rate 
in cfm that can be determined by timing 
the filling water meter. The table shows 

























































































































































































that, on smaller size lines, maximum al- Where: 
leone MAIN SIZE lowable pig speed can be attained at rela- _T = 0.0067 x V x P 
CFM a a aT Te tively low rates of water flow. Water T = time in minutes 
Lo 108 47 27 17 12 8 injection behind a 4-in. pig, for instance, V = volume of line in cu ft 
20 216 94 55 34 24 15 should not exceed 25 cu ft per min. On P = initial backpressure required pliis é 
140 82 52 2 ° . : 
<0 187 | 110 69 pH : the other hand, 25 cu ft per min in filling 15 
50 234 | 137 86 61 38 a 16-in. line would produce a pig speed Two 105-cfm compressors would do : 
rs 192 121 a2 3 of only 20 ft per min. At this rate, 4% the job in one-half this time, three would E 
80 219 | 138 98 | 61 hours would be required to fill a mile of do it in one-third the time, etc. : 
90 243 | 155 | 110 67 2 ‘ : : mere’ 
100 173 | 122 76 line. As the size of the line increases, it ; 
ue hee becomes increasingly important that larg- Filling Calculations 
130 225 | 159 99 er volumes of water be available in order Table 1 gives pig speeds produced in 
“e ig ee Prev to keep filling time reasonable. various main sizes by various water flow 
160 195 | 122 The problem of water removal after rates. Table 3 shows water pressure drop 
4 oo bass the test is much simpler, but no less im- per foot through various size lines at 
190 232 | 145 portant, than filling. Since in this case various flow rates. By using these tables, 
210 56 | 160 the pig is pushing water ahead, it is im- adequacy of any given size fill line can 
220 168 possible for it to move faster than the be roughly determined as follows: 
m4 ae water. All that is necessary to control pig 1. Deduct maximum forecasted gage - 
330 191 speed is to control the water discharge; reading, plus 4 psi pig resistance, plus 16 whic 
6 198 ees - a , aaa. ‘ : } ing ° 
270 206 however, this requires water measure psi backflow valve resistance (if used) ee 
a4 “ ment. ; from expected hydrant pressure. pres: 
300 229 Since an ordinary water meter would 2. Determine length of fill line re- 
_ 26 probably be damaged by construction quired and add 25 ft equivalent length 
260 . ° . 
debris or the high flow rate usually en- of fittings. k 
CPM. pp, Where: A = Flow area of main in sq ft countered in this operation, a simpler and 3. Divide the remaining pressure found — 
A” peg aaa ila aging sufficiently accurate device shown in Fig. above (1) by the total equivalent length notit 
M = Pig speed in per minute “Wi \ er * $ 2 4 - rate 
| is used. It operates on the principle that of the fill line (2); this gives the allow- - 
the volume of water issuing from the end able pressure loss in psi per ft. Sic 
, bo wae of a smooth, level, square-ended pipe is 4. Find this figure in Table 3 under ae 
motion. If this situation is allowed to de- proportional to the horizontal length of the size fill line recommended and note = 10 
velop, the result is that not only will the the stream and the distance the water falls. the corresponding rate of flow. I. 
pig’s position be “lost” but the tremen- The figures given in Table 2 under 5. From Table 1, opposite this rate of per 1 
dous force of the free running pig and “Length of Water Jet” are based on a flow, and under the proper main size, duce 
hundreds of pounds of water could cause drop of one foot from the center of the read the expected minimum pig speed in corre 
é i >ati i ; ‘ : 9) 
damage to the line. Furthermore, creation pipe. feet per minute. If this speed is so slow La 
of a partial vacuum behind the pig in- Thus, with a setup as shown, if the as to require excessive time to fill the line, “ 
creases the possibility of getting air into water line valve is controlled so that the select a larger fill line and repeat the cal- ew 
the line. water jet always hits a certain nail, the pig culations. Additional cost of a larger line oo 
To prevent such occurrences it is nec- speed will remain constant regardless of should be weighed against the possible a : 
essary to provide pressure ahead of the how much excess pressure is applied at time savings, keeping in mind that a slow pa 2 
ig (backpressure) at least equal to the the other end. This speed, determined moving pig is likely to hang up. rain 
: . . gh 8 8 up 3 
pressure that might be caused by the from Table 2, multiplied by the elapsed xi 
. . . . ° . . . P . . and 
weight of the water behind it. When this time, gives the distance of the pig from Draining = 
is done, the rate at which water is meter- the sending head. For draining, it is even more important a 
: . : : . ren 
ed into the line does become proportional that excessive pressure drops be avoided. of th 
to the pig’s speed. This backpressure re- Backpressure An undersized drain line not only wastes This t 
quirement will vary with the terrain. It If the line is long and of large diameter, time, but if the water discharge valve is ie the 
should be calculated by the engineering initial backpressure requirement may be wide open and original rate of flow can- ripe 
department for the entire length of each high and additional air compressors would not be maintained, there is chance that If 
job. (See page 20, January 1960 issue of be required. the pig’s position could be lost. It would culate 
American Gas Journal). The following formula gives an approx- be necessary in that case to pinch the ines 
Table 1 shows the relationship between imation of the time in minutes required water control valve until the water jet pe 
GALL 
will di 
TABLE 2 TABLE 3 saving 
Drain pig speed and water discharge rate. Pressure drop in water lines due to friction. consid 
; the lai 
2 LENGTH OF WATER JET - FEET Hg 8 <a If t! 
d 1 2 3 + 2 q 2 3 4 “a 10 a head 
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RATE OF WATER DISPLACEMENT AT VARIOUS PRESSURES 


USING 2, 3, and 4, 105 CFM COMPRESSORS 
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Sending Head Pressure . Psig 


Fig. 2. Curves show maximum rate at 
which water can be discharged from line us- 
ing two, three, or four 105 cfm compressors 
pumping against different sending head 
pressures. 


strikes the next even footmark, carefully 
noting the time, and establishing a new 
rate of speed. It is better if the same speed 
can be maintained throughout the run. 
Sizing of the drain line is accomplished 
as follows: 

1. From Table 2, determine the cu ft 
per min of water flow necessary to pro- 
duce a pig speed of at least 180 fpm. Note 
corresponding drain line size. 

2. Determine total pressure drop at 
this flow rate from sending head to end 
of water discharge line. This is done by 
multiplying appropriate figures from 
Table 3 by length of main and by equiva- 
lent length of drain line (add 25 ft to 
drain length to allow for fittings). 

3. To this loss add 4 psi for each pig 
and maximum pressure required to over- 
come the head of water (the pressure dif- 
ference between the bottom and the top 
of the greatest over-all upward slope). 
This total is roughly the pressure required 
in the sending head to drain the line at 
the selected rate. 

If air or gas pressure greater than cal- 
culated above is not available, it is nec- 
essary to either select a larger drain size 
or accept a slower pig speed. The choice 
will depend upon whether or not the time 
savings, and perhaps better cleanout, is 
considered worth the additional cost of 
the larger drain. 

If the pressure required in the sending 
head is 90 psig or less, air may be used 
displace the water. For larger size 
Mains, however, the number of compres- 
sors required to maintain a reasonable pig 
speed may be prohibitive. 

Fig. 2 shows the maximum rate at 
which water can be discharged using two, 
three, and four 105-cfm compressors 
pumping against different sending head 
Pressures. To prevent excessive pressure 
drop b-tween the receivers and the send- 
ing he: d, each compressor hose should be 
at leas’ 34-in. diameter and not over 50 


| ft lone (never use “lead” hose). They 


should de connected through a manifold 
that is :t least 2-in. diameter and as short 
“S pos. ble. One compressor should not 
‘orma! y be used alone because engine 


failure could mean complete shutdown of 
the operation. Two 210-cfm compressors 
will produce as much air as four 105- 
cfm’s, but will have four times as much 
pressure loss through each hose. There- 
fore, each 210-cfm compressor should 
have at least two hoses from the receiver. 

If pressure or volume requirements 
necessitate use of gas, the lead-in line 
should be at least l-in. for 4 and 6-in. 
mains and at least 2-in. for 8-in. and 
larger mains in order to keep the pressure 
drop between the supply main and the 
sending head insignificant. 

If pressure and volume requirements 
can be met with either gas or air, the 
decision as to which to use should include 
the following considerations: 

1. Gas will either have to be purged 
from the line with nitrogen before 
the tie-in is made or a controlled 
fire tie-in is necessary. 

Rental costs for the number of com- 

pressors required may be consider- 

able. 

Steady running of several compres- 

sors for some time may present a 

public relations problem. 

4. Blowing of gas from the receiving 
head may be hazardous. 


i) 


7) 


Gas and Air Testing 

Lines can be tested by air or gas in their 
entirety, or tested in sections, using valves 
in the line to accomplish the sectional 
spacing. 

If gas is used as a test medium, the 
line should be first cleaned and purged. 
Cleaning is accomplished by running a 
pig or pigs as necessary. 

When a main that has been full of 
air is placed in service, the air in it can 
be safely displaced with gas provided that 
a moderately rapid and continuous flow 
of gas is introduced at one end of the line 
and air is vented out the other end. Gas 
flow should be continued without inter- 
ruption until the vented gas is free of air. 
An oxygen end-point apparatus or simi- 
lar device is used to determine this. The 
vent should then be closed. 

When air or gas is put into the line to 
start the filling operation, the test media 
should be heavily odorized to facilitate 
leakage testing. 

If the test is made with air, and the 
line is sectionalized, the high pressure air 
should be moved to the next section fol- 
lowing completion of testing, and so on 
as the test progresses. This procedure is 
recommended because of the time in- 
volved in pressuring up an individual sec- 
tion with portable air compressor equip- 
ment. 

After the line is pressured with either 
air or gas, sufficient time should be al- 
lowed to permit stabilization of pressure 
and temperature in the section under test. 
The pressuring operation should be con- 
ducted so that the shut-in line is allowed 
to stand overnight before the actual test 
period is begun. 

Temperature should be determined at 
the beginning and end of the test and at 
regular intervals during the test. Tempera- 
tures should be read to the nearest one- 
half degree F (0.5 F) with accurate glass 
stem mercurial thermometers located near 
the deadweight gage and at other loca- 





How to Estimate Volume 
Of Blowdown 


O= FF 


Where: 


Q = Volume of gas in Mcf per hour 
at 14.9 psia, 60 F, and 0.60 
sp. gr. 

D = Diameter of opening in inches 

P = absolute pressure (psia) near 
opening 





How To Estimate Time and 
Acceptable Pressure Loss 
In Air or Gas Testing 


Ce ee a 
Tn = Pp 
Where: 
Ty = Time necessary for accurate 


test in hours 


D = Internal diameter of pipe, 
inches 


L = Length of pipe in miles 


P, = Initial test pressure in psig 
Ty X P, 
Pa = u 
D «x 949 
Where: 


P, = Maximum pressure loss for 
tight pipe 


Tu — Test time 


D = internal diameter of pipe, 
inches 


> — iti: Ts 2C¢ > j j 
P, = Initial test pressure in psig 


(Correction must also be made for 
temperature variations. ) 





tions if advisable. The thermometer may 
be inserted into a thermometer well lo- 
cated in the pipe, or the bulb of the 
thermometer may be placed in contact 
with the outside earth covered pipe wall. 

Where difference in pipe temperature 
at beginning and end of test exceeds one- 
half degree F (0.5 F), the absolute pres- 
sure at end of test is adjusted by a multi- 
plying factor equal to: 


Temp. at beginning of test + 460 


Temp. at end of test + 460 


After line has been under pressure for 
sufficient time to stabilize pressure and 
temperature, all connections to the test 
section should be checked for leakage 
and, if necessary, blind plated. 

Line should be held under stabilized 
test pressure and temperature for mini- 
mum period of 24 hours. 
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~< PREVENTING 
LEAK-REPAIRS 
BY 
PREVENTING 


The cast iron pipe gas main you see at the 
left will handle a mixed manufactured and 
natural gas at normal pressure for a large 
gas utility. You will note that the crew is 
assembling the joints before placing the pipe 
in its trench. 


This utility has been installing cast iron 
pipe in this manner for years. They have 
never had a leak. Possibly, they may never 
have one. 


The easy-to-assemble mechanical joint, 
a standout cast iron pipe feature, seals so 
tightly that, under normal distribution 
pressures, many gas utilities look to cast 
iron pipe as the “‘ounce of leak-prevention 
that’s worth a pound of cure.” 


That’s the remarkable thing about cast 
iron pipe: it rarely needs attention after in- 
stallation. In fact, 62 American cities are 
still using cast iron gas mains that were in- 
stalled over a century ago. 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director, 
3440 Prudential Plaza, Chicago 1, Illinois 





qi CAST IRON PIPE 


THE MARK OF THE 100-YEAR PIPE 
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ARC AND GAS WELDS 
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Weld 
Symbols 


RESISTANCE WELDS 


WELD 


SUPPLEMENTARY SYMBOLS 





CONTOUR 


CONVEX 





FLUSH 








FIELD 
WELD 








ALL 
AROUND 
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UPSET 





WELD 


SEAM 
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PROJECTION 
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Safety for Welders in Distribution Operations 


Both arc and acetylene welding are 
hazardous. For this reason, the welder 
and helper should be familiar with 
every safety device as well as safe meth- 
ods for welding gas lines without caus- 
ing a fire or explosion. 

The following discussion is intended 
as a guide to safety for welders. In addi- 
tion to these items, welders and helpers 
should be constantly alert to any and 
all hazards not presented here and 
eliminate and/or report them. 

@ Never allow oil or grease on or 
near any oxygen equipment. To do so 
may cause fire or a violent explosion. 
@® Oxygen cylinders contain oxygen 
and should never be referred to as 


66.5 an 9 


air. 

@ Acetylene cylinders contain acety- 
lene and should never be referred to as 
“gas,” 

@ Oxygen and acetylene cylinders 
should be handled with care. When 
cylinders are being moved, except in 
proper carts or racks, gages should be 
removed and caps must be placed on 
oxygen valves. 

@ Acetylene cylinders are used and 
stored in an upright position. These 
cylinders contain acetone, a liquid, that 
will flow into welding equipment if the 
cylinders are used in a horizontal posi- 
tion. 

@ “T” handles should be kept in a 
handy place so that acetylene may be 
readily shut off in case of fire. 

@ Never open an acetylene tank valve 
more than 1% turns. The stems can 
be screwed out, causing possible serious 
damage from acetone freezing, as well 
as a serious fire hazard. 

@ Do not cut or weld within 3 ft of 
oxygen or acetylene cylinders. 

@ Welders and helpers should wear 
proper eye protection at all times when 
cutting, welding, or observing a lighted 
torch. 

@ Welders should not weld or cut with 
a torch any barrel, gas tank, or closed 
top vessel that has contained gasoline, 
fuel oil, or any other explosive material 
until it has been made safe by purging 
with carbon dioxide, properly rinsed 
with carbon tetrachloride, boiled out 
with chemicals or steam, or by other 
approved procedures to prevent inter- 
nal explosion. 

@ A vent hole should be made in any 
closed container before welding is be- 
gun. 

@ Helpers should stay with welder at 
all times when welder is working. If he 
is not needed in a bellhole or ditch, he 
should remain on top of excavation, 
attend the welder, and watch for fire, 
cave-ins, etc. 


@ Before a torch is used in ditch or 
bellhole where gas has been or may be 
present, the ditch or bellhole should be 
“flashed.” 


Sounding 

@ If, after cutting, welding, or per- 
forming any operation requiring fire in 
a ditch or bellhole, it is necessary to 
perform any operations that require the 
release of gas, the following “sounding” 
precautions should be taken to prevent 
fire: 

a. Open acetylene valve on torch as 
if to light it. 

b. DO NOT LIGHT TORCH. 

c. Go over all four walls and espe- 
cially under the edge of pave- 
ment around edge of the hole if 
pavement is present. 

Where gas mains have been leak- 
ing, even though pressure of main 
has been cut off, it is possible to 
have enough gas in the ground to 
maintain a pilot light for many 
hours, if it had become acci- 
dentally lighted while using fire 
in the hole. 
If such a pilot is present, the 
torch will be lighted by it, indi- 
cating gas is present. 
After source of flame has been 
located and repaired or cor- 
rected, the entire sounding pro- 
cedure should be repeated. After 
this procedure has been followed, 
and no flames found, gas may be 
turned loose in the bellhole. 
@ While welding overhead or “tieing- 
in” or doing any welding that leaves an 
ear exposed to sparks and flying weld 
metal, welder should wear ear plugs. 
@® When mains are cut, open ends 
should be closed immediately with a 
suitable stopper to prevent entrance of 
alr. 
@ If cut is made in preparation for re- 
moval of a section of pipe, first cut 
should be taped immediately upon 
completion, to prevent entrance of air 
while second cut is being made. 

Upon completion of second cut, sec- 
tion should be removed at once and 
suitable stoppers used, or the second 
cut should be taped. 

@ Extreme care should be used when 
working on a gas main that is open at 
two places. It should be remembered 
that air could enter the line at one 
opening and escape at the other, allow- 
ing the formation of an explosive mix- 
ture. 

@ During course of construction, it is 
sometimes necessary to tie an unfin- 
ished main extension or service into a 
live main with a valve between them 
and leave this arrangement overnight 


without purging. Before starting t 
weld to the end of this extension, th: 
welder should lower a lighted torc! 
to the end of the extension to explode 
any possible explosive mixture thai 
may have accumulated during the nighi 
due to a leaky valve. All employees 
should be in the clear. 


@ Do not use oxygen in place of air 
for cleaning or testing. Never use oxy- 
gen to blow off clothing. 

@ When necessary to do cutting or 
welding in an underground vault, em- 
ployee responsible for such vaults 
should be notified. He should arrange 
for proper clearance and ventilation 
and should supervise work while in 
progress. 

@ Vaults should never be “flashed” 
with a lighted torch. 


Personal Protection 

@ Protective clothing worn by the 
welder should include a non-flammable 
skull cap, flameproof gauntlet type 
gloves, high top shoes, cuffless trousers, 
and special equipment such as flame- 
proof capes, aprons, and arm and leg 
covers aS required to protect against 
burns. Sleeves should be kept rolled 
down and collars buttoned while weld- 
ing. 

@ Proper shade of filter lenses should 
always be used in the welder’s helmet 
or goggles. A clear lens should al- 
ways be placed in the helmet or gog- 
gles immediately in front of the filter 
lens to protect the filter lens against 
pitting. Acetylene goggles should not 
be lighter than shade 3 and arc welding 
lenses should not be lighter than shade 
8. 


@ Helpers and any other workmen 
assisting the welder should also wear 
adequate protective clothing and equip- 
ment to protect against radiation burns 
and flying sparks and slag. 

@ Welder is responsible for protecting 
others in the area from radiation burns 
by placing an adequate curtain or 
shield about his work. 

@ A dry chemical type fire extinguisher 
of at least 20-lb capacity should be 
available within a few feet of the 
welder in case of fire. 

@® Before igniting his torch, welder 
should make certain that there are no 
combustible materials in the immediate 
area. 

@ The best body position should be 
decided upon to minimize the hazard 
of falling or flying sparks and slag. 

@ Upon completion, hot welds should 
be marked or covered to prevent some- 
one from touching them after the 
welder has left. ket 
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Speed up your calculations on 
pipe sizing, pressure drop, flow 
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Backfilling and Soil Stabilization 


A stable backfill is an important consideration in gas 
main construction because: 

1. A stable backfill forms the base for surface restora- 
tion. 
A stable backfill protects underground structures from 
mechanical failure. 
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Surface Restoration 

Each surface restoration class (Table 1), like other 
structures, must be supported by a foundation. If the foun- 
dation fails through settlement, the surface restoration is 
no longer serviceable and must be repaired. The surface area 
involved may be a single street opening, or may be several 
hundred feet of trench. In any event, the responsibility for 
repair and any damage and/or injury incurred due to settle- 
ment of the restored area must be borne by the agency mak- 
ing the excavation. 

Modern day, uncongested traffic flow demands that clos- 
ure and surface restoration keep a pace with construction. 
This can and does in some cases apply even if the work is 
not completed in a specific interval of time. Peak traffic flows 
may require temporary bridging. Closure may be, simply, 
a steel bridge over the excavation or a temporary backfill 
to be re-excavated, or a permanent backfill with temporary 
surfacing, or permanent backfill with a permanent surface 

It is usually found that it makes little or no difference 
whether closure and surfacing is temporary, partially tempo- 
rary, Or permanent in nature. The community imposes the 
same rigid set of standards. The term “temporary” is limited 
to the restoration surface, since by any service or economic 
standard, a temporary backfill does not exist. 

Large cities usually perform their own surface restora- 
tion by means of city crews or contractors. Cost of permits 
for excavation includes the cost of surface restoration and 
varies according to class and type of services desired. Res- 
toration services offered by cities are of the following types: 

1. Complete restoration. City forces excavating and dis- 
posing of temporary surface, placing a concrete base or other 
base adequate for the purpose, and installing the pavement 
complete. 

2. Surface restoration. Concrete base, or other base ade- 
quate for the purpose has been installed by contractor forces 
in accordance with specifications. Paving surface to be 
restored by city forces. 

3. Special surface restoration. Permittee has installed a 
concrete base and has made temporary surface restoration. 
Concrete base is uniformly placed 2'2-in. below street sur- 
face. Surface is a temporary bituminous concrete which will 
be allowed to remain in place, serving as a binder for final 
Sheet asphalt surface that will be installed by the city. 

4. Inspection. The entire restoration, both base and sur- 
face, has been performed by permittee, under the direction 
and to the satisfaction of city officials. 

5. “Force Account” or “Cost Plus.” 

Smaller communities not having these services are en- 
tirely dependent upon the excavator for the performance 
of surface restoration. The only requirement being adher- 
ence to local specifications and applying the same class of 
Suriice and base as initially found. Exceptions being that 
Class 2 pavements (brick, granite, durex, woodblock) would 
be replaced by concrete. 

Ir localities where average temperatures of less than 40F 
occur, production of hot mix bituminous concrete is cur- 
taile!. A cold applied, pressure sensitive bituminous con- 
cretc is substituted and gives satisfactory performance as a 
temporary and/or permanent surface. 


Protection of Underground Structures 
From Mechanical Failure 
Strength is the ability of a pipe to resist, without failure, 


stress producing forces. Strength considerations are usually 
taken into account by pipe manufacturers and include pro- 
visions for: 
1. The effect of a crushing load produced by the weight 
of the backfill. 
2. Variations of the crushing load transmitted to the pipe 
under different trench conditions. 
A factor of safety based on hoop stresses resulting 
from internal pressure and external load. 
4. An allowance for corrosion and manufacturing toler- 
ances. 


tod 


Forces acting upon buried pipe structures are usually 
termed “external loads.” External loads are produced by 
and represent the combined effect of forces originating 
from: 

1. The backfill — (includes soil body forces, soil seep- 
age forces). 

Surface loads — (includes weight of traffic, weight of 
structures, sudden impacts.) 


2 


External loads are transmitted through the soil environ- 
ment to the pipe. External loads occur in sufficient magni- 
tude to cause failure unless restricted or resisted. 

Fig. 1 represents a typical cross section of a backfill show- 
ing a pipe laid in a trench excavation. The terminology used 
is more or less standard throughout our industry. The sec- 
tion shown applies to trafficked surfaces. For other surfaces 
the cover would be extended to ground elevation. 

The outstanding functional property of a dense backfill 
is the protection of the pipe from surface loading. The pro- 
tection is gained through a reduction in the magnitude of 
an applied external load. The relationship between depth of 
cover and incremental reduction of external loading P is 
shown in Fig. 2. This relationship represents stress incre- 
ments due to concentrated point loadings and/or point load 
approximations. Such a condition would exist for all situa- 
tions, excluding Class | and Class 4 pavements. 

The Class 1 and Class 4 pavements are considered as 
continuous solid load bearing pavements and they repre- 
sent conditions where stress increments are the results of a 
distributed boundary loading. This condition is not appli- 
cable to the Boussinesq equation (Fig. 2A). 

It is a common practice to treat distributed boundary 
loadings by a method known as the 60° approximation 
(Fig. 2B). Here, surface loadings are assumed to be dis- 
tributed uniformly over an area A,. 

The loading at any subsequent depth Z is assumed to 
be distributed uniformly over an area A... Area A, is defined 
by planes descending from the edges or boundaries of A 
intersecting a horizontal plane in a 60° angle at depth Z. 
The load increment within these limits at any depth Z is 
the load P divided by area A,. For the usual cover of 3-ft, 
the stress reduction is not significant and no accuracy is lost 





TABLE 1. Classification of Pavements 

Class 1: Concrete. 

Class 2: Brick, granite, Durax. 

Class 3: Asphalt, other bituminous pavements on concrete base, 
boulder, and racked limestone, if so classed, or machine 
paved bituminous paving irrespective of kind of base. 

Class 4: Bituminous pavements on stone base. Surface treated 
or oiled macadam. 

Class 5: Low type pavements (plain macadam, gravel, etc., not 

surface treated or oiled). 

Sidewalks, cement, brick, flagstone, etc. 

Concrete base only or any similar material used as a 

base incident to the resurfacing of a street under con- 

tract or by city forces. 


Class 6 
Class 7 
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if the stress distribution is simply the load P divided by 
the area A,. 

The Boussinesq and the 60° Approximation equations 
are independent of the nature of the soil. If the external 
loading, at any depth, exceeds the ultimate soil bearing ca- 
pacity at that depth, soil settlement will occur having the 
possible consequence of pipe failure. 

External loads transmitted through the soil to the pipe 
surface are resisted by pipe deflection, pipe distortion, and 
trench bottom conditions. The importance of the load bear- 
ing capacity of the trench and improper bearing between 
trench and bottom of the pipe cannot be over-emphasized. 
Low soil bearing values between pipe and trench invite pipe 
deflection and pipe failure. 

Soil body forces are the vertical forces at any point in 
a soil formation. The forces result from the thickness and 
unit weight of the overlaying material. These forces increase 
in direct proportions with depth and tend to deform or 
compress the underlying soil stratum. 

Soil seepage forces are the multi-directional forces result- 
ing from the movement of gravitational water through the 
soil. As water moves, a drag is exerted on each soil particle, 
the magnitude of which is proportional to velocity of flow. 


Properties of Soil 
A very loose but adequate definition of soil would be 
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FIG, 3. Triangular chart for textural sluaelMeadion of soils. 


“any unconsolidated material that can be excavated with 
pick and shovel.” This certainly is an all inclusive definition 
and could equally be applied to small glacial boulders, 
swamp slime, and refuse of the city dump. A more exacting 
concept is a “heterogeneous,” chaotic mixture of almost 
anything. 

It is obvious that soil cannot be treated or analyzed by 
simple handbook data; soil must be recognized and treated 
as a unique substance requiring special study and special 
consideration. 

Soil is universally classified by texture. Texture is a reflec- 
tion of particle size and shape. There are three texture classi- 
fication categories: 

1. Sands; 2. Silts; 3. Clays 

It is convenient to express all other soil mixtures in terms 
of the sands, the silts, and the clays. Rock and/or organic 
products are not considered primary soil components. Fig. 3 
is a triangular method of classification developed by the 
U. S. Corps of Engineers whereby the boundaries of all 
possible soil admixtures are established. 

The mineral sands, silts, and clays represent the solid 
phase of three phase soil relationship, the remaining two 
phases being gaseous (air) and water. This three phase 
relationship is illustrated by Fig. 4. 

The final combination of air, solid, and water determines 
soil structure. Soil structures can be placed in three basic 
categories. 

1. Single grained. Typical of bulky particles exhibiting 
particle to particle contact (Fig. 5A), similar to the stacking 
of apples by the grocer either as (a) loose, that is one apple 
placed directly on top of its neighbor or (b) dense, one 
apple placed in the valley formed by its adjoining neighbors. 

2. Honeycombed. Typical of the fine grained, bulky 
particles laid down in the still waters (Fig. 5B), the particles 
of which form arch-like chains that remain in place during 
settling as opposed to rolling or moving to a more dense 
and more stable position. Honeycombed structure is char- 
acterized by a high void ratio, a relatively stable structure, 
but extremely sensitive to shock, with break downs occurri'ig 
suddenly as chain-like reactions converting the mix to : 
heavy fluid-like liquid. 

3. Flocculent. Typical of the extremely fine grained soi's. 
Structure originates from colloidal suspensions (Fig. 5¢ 
Soil particles have large surface to thickness ratios and 
charged electrically — settlement either edge-to-surface c: 
tact in flocs or parallel particle-to-particle, The distinguis! 
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FIG. 4. Soil phase relationships. 


ing feature of this structure is a weak but continuous open 
framework with relatively large void passage. 

Many natural soils occur in the three basic structures. 
Other soils occur in more complex structures similar to 
Fig. 6. In the complex mixtures, structure — together with 
particle size — determines the ultimate behavior of the soil. 

For example, if the solid phase is large grained, having 
particles contacting each other and other smaller cohesive 
particles occupying the voids, the soil will behave as if it 
were composed entirely of large grained material (Fig. 6A). 

On the other hand, if the coarser particles are suspended 
in a clay matrix and are prevented from having surface to 
surface contact by the matrix (Fig. 6B), the soil will behave 
as if it were composed of entirely fine particles. 

Other noteworthy properties of soil that are deserving of 
consideration in this limited space are soil permeability and 
soil strength. 

The void or open spaces in the three phase soil relation- 
ship, occupied by all of the air and some of the water (we 
cannot say all of the water for reason that will be seen in a 
later section) are termed the voids. Soil voids are not isolated 
spaces. Soil voids are interconnected and form passages 
through which gravitational water can flow. The soils’ ability 


A. COARSE-GRAINED STRUCTURE 
A. ADSORBED WATER FILM 
B. GRAIN 
Cc. VOID 


. HONEYCOMBED STRUCTURE 
FINE-GRAINED BULKY SOIL 
A. ADSORBED WATER FILM 
B. GRAIN 
Cc. VOID 


C. FINE-GRAINED STRUCTURES 
(FLOCCULENT-DISPERSED) 
A. ADSORBED WATER FILM 
B. GRAIN: 


B) B: By — FLOCCULENT STRUCTURE FIG. 5. Structure of natural 
B. Bs — DISPERSED STRUCTURE 


Cc. VOID soils. 


A. COARSE PARTICLES FORM 
LOAD BEARING FRAMEWORK 
A. COARSE PARTICLE 
B. CLAY IN VOIDS (UNCONSOLIDATED) 


B. COARSE PARTICLES NOT IN CONTACT 
CLAY IS LOAD BEARING 
A. COARSE PARTICLE 
B. CLAY MATRIX 


FIG. 6. Structure of mixed soils. 


to permit such water flow is a measure of its permeability 
Soil permeability is important since it determines the time 
rate at which the soil reaches its ultimate compression. 

It has been stated several times that soil is a combination 
of three distinct phases—solid, liquid, gaseous. The rela- 
tionships between the three phases are continuously chang- 
ing. Soil, unlike other more familiar engineering materials. 
is not a solid and is not a liquid. It is necessary to recognize 
that strength at a point in the soil formation is not sin- 
gularly dependent upon the properties of one material: 
rather, soil strength is determined by the property of more 
than one material. The influence of these properties varies 
with time. 

Cohesionless soils, which include all of the sands and 
some of the silts, derive their strength through internal fric- 
tion between particles. The magnitude and direction of the 
principal stress acting on a single particle is the resultant 
stress, formed by the combination of the vertical normal 
and tangential sheer stress. The oblique angle of the re- 
sultant, measured from the normal (vertical), is indicative 
of the relative magnitude of the resultant stress and, there- 
fore, the ultimate strength. When the value of this angle 
reaches a maximum, failure will occur. The friction angle 
of the cohesionless soil is equal to the maximum angle of 
obliquity of the resultant. 

The soils exhibiting cohesion, including all of the clays 
and some of the silts, do not derive their strength through 
internal particle friction (particles not in particle to particle 
contact) but rather, derive their strength through resist- 
ance due to cohesion. Cohesion is a property that, like 
viscous friction, varies with liquid consistency. 

Due to the differences in structural arrangements, a fixed 
relationship between the tangential and normal stresses at 
failure does not exist. The magnitude of stress at failure is 
approximately equal to the unit cohesion, regardless of the 
value of the normal vertical and tangential stress. 

Rather than resorting to the unit cohesion as a strength 
index, it is common practice to correlate strength with 
unconfined compression test results. An unconfined com- 
pression test is made simply by applying an axial load to a 
clay cylinder that has no provision for lateral support. 


Soil Moisture 

Moisture is always present in soil. The behavior of a soil 
is largely determined by its moisture content. The two pri- 
mary sources of soil moisture are: 

1. Capillary rise from the water table. 

2. Gravitational movement of water through soil voids 

Moisture from the two primary sources can be termed: 

1. Chemical or molecular. 2. Adsorbed. 3. Free. 

The term chemical or molecular refers to the water that 
is chemically combined with soil minerals. 

The term adsorbed refers to the water held immobile o 
the surfaces of the soil elements. 

The term free water refers to the water moving throug) 
the soil voids under the influence of gravity or pressure 
differences. 

Because of the important role played by the adsorbe.! 
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water film in the behavior of soil, it is necessary to gain a 
knowledge of its origin. 

Soil particles are inherently charged negative. The mag- 
nitude of the charge is dependent upon the chemical com- 
position and surface molecular structure of the grains. 
Molecules of water can be thought of as being polar in 
nature. Water molecules are attracted to the soil particles 
where they are held immobile by the surface charge of the 
particle. The layer of water surrounding the soil particle is 
termed the adsorbed water film. 

Thickness of the adsorbed water film is dependent upon 
the availability of water in the soil and the magnitude of 
the surface charge of the soil particle. The layers of water 
molecules in close proximity to the grain surface assumes 
the properties of a solid. The more remote layers exhibit 
the properties of a viscous liquid or glue. 

Forces associated with the adsorbed water film play an 
important role in the determination of physical properties 
of the fine grained soils but have little effect on the proper- 
ties of coarser soils. 


Soil Stabilization 

With a limited but basically adequate knowledge of soil 
behavior we can now fully appreciate with some degree of 
understanding the most important of all backfilling con- 
siderations — soil stabilization. 

The term stabilization is used with reference to the various 
procedures used to improve soil behavior characteristics and 
represents man’s efforts to make soils conform to some min- 
imum standard. 

There are two distinct categories of consideration: 

1. Mechanical stabilization. 2. Chemical stabilization. 


Mechanical Stabilization 

Compaction is the resulting effect when a pressure or 
force is applied to a soil. In its most general sense, com- 
paction means bringing the soil particles close together, 
thus increasing the density of the soil. Density is a meas- 
ured weight per unit volume. Soil density is the measure 
of dry weight per unit volume of the soil. Four density var- 
iables must be considered. 


1. Moisture content. 

2. Unit density. 

3. Compaction effort. 

4. Soil type and gradation. 


Moisture has a marked effect in soil density relationships. 
For a given moisture content, the density varies with the 
compaction effort (Fig. 7). Compaction effort can vary 
with type and kind of mechanical compactor chosen, num- 
ber of passes per backfill layer, speed of forward motion, 
energy expended. Conversely, at a given compaction effort 
density can be related with moisture content. At a given 
moisture content and at a given compaction effort, coarse 
grained and fine grained soils will respond differently. 





























On Fig. 7, curve A is a plot showing the moisture-densi: ) 
relationship at a specific compaction effort. Curve A repr-- 
sents actual behavior and is usually referred to as the Pro. - 
tor curve. Curve B (Fig. 7) is a plot of the theoretical ma»- 
imum density or, as it is usually referred to, the zero a'r 
void curve. 

The zero air void curve is theoretical and represents per- 
fect compaction at any given water content. If all the air 
is expelled from a soil, the soil is 100 percent saturated. 

Note that curve B lies above curve A at all times. At the 
higher moisture contents, the dry densities are low as the 
water occupies much of the soil volume. At lower water 
contents the theoretical dry density increases. At the higher 
moisture contents, the actual and theoretical curves appear 
to be parallel; at the low moisture contents, however, there 
is a significant difference. This difference is caused by the 
very viscous adsorbed water film surrounding the soil par- 
ticles to the extent that it interferes with particle movement 
over adjoining particles. 

In effect, soil tends to resist compaction. The optimum is 
represented by a compromise — enough water to act as a 
lubricant and allow the grains to compact easily but not 
enough to restrict movement thereby limiting the volume 
of the soil. 

Each soil exhibits an optimum for a given compaction 
effort. Differences in compaction effort will result in differ- 
ent optimum points (Fig. 8). Generally, the greater the 
compaction effort the lesser will be the optimum moisture 
content and the greater the maximum dry density, Optimum 
moisture is not an inherent property but depends on the 
method of compaction. 

When the water content is relatively high, the inefficiency 
of the compaction process is readily observed in the field, 
since the compaction effort tends to displace the soil instead 
of compressing it. Compaction on the low moisture side is 
not so obviously inefficient and, actually, the results appear 
satisfactory and compaction equipment operates with less 
difficulty to the extent that many operators erroneously tend 
to prefer this condition. 

Fig. 9 relates moisture content with strength for average 
clays. Unconfined, compressive strength values can be easily 
obtained in the field using a simple penetrometer. 

Soil texture also plays an important role. The foregoing 
discussion of optimum compaction was descriptive of a fine 
grained cohesive soil such as clay. Granular or cohesionless 
soils, the sands, become most dense when their grains 
assume new positions that reduce the void spaces between 
them. Pressure is almost useless. 

Vibration accompanied by light pressure is most effective. 
A severe shock or a series of harmonic repetitive shocks 
produced by impact of a heavy object can increase the den- 
sity of cohesionless soils at several feet depth. Cohesionless 
sands slightly moist will exhibit a reduction in sensitivity 
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to .ibration. Capillary tension acts to restrict free movement 
of the grains. Complete water saturation, however, will 
eliminate capillary tension and permit compaction 

lightly cohesive soils (silts) are more readily compacted 
by a pressure that squeezes the grains together. If the pres- 
sure is too great, the soil will fail in shear, producing a 
loose backfill. An alternate for slightly cohesive soils that 
is very effective is complete saturation. During the dry-out, 
the force due to capillary tension will act as compaction 
effort. 

[he disadvantage of flooding should be carefully con- 
sidered, unless one is absolutely sure of the permeability of 
the parent material. The flooding of backfills where parent 
soils have poor permeability will result in extremely erratic 
compaction with soft soupy pockets. 

As mentioned before, a cohesive soil must be mechani- 
cally stabilized using a compaction effort of considerable 
magnitude. Mechanical compaction equipment suitable for 
use IN gas construction must be of such design that the 
equipment can be used in close quarters. Such equipment 
would include: 

|. Hand pneumatic tampers single or in gangs of three 
air driven. 

. Gasoline operated soil ramers. 
. Tractor-type backfill tampers. 
. Trench rollers (not widely used). 
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Control of Compaction 

Compaction control is essentially an inspection operation. 
This includes on the spot observation of the entire backfill 
procedure to determine: 

|. Suitability of the soil used in backfill — rock free 

remove from construction site and replace if neces- 
sary. 
2. Suitability of the backfill soil moisture content. Add 
water if too low. Aerate or replace if too high. 
Degree of compaction effort required. Determine 
thickness of compaction layers, number of passes, 
speed of advance. Adjust compaction effort in accord- 
ance with moisture content. 
Other control measures are: 
|. Inclusion of rigid specification for backfilling in con- 
tract work, 
Education of work forces in basic soil mechanics. 
Use in field of special equipment to obtain density 
readings. 

Remedial measures in the event soil conditions are not 
consistent with good backfill procedures are basically three 
in number. 

|. Change moisture content. 

a. Addition of a water to soil if too low. 

b. Aeration of soil if too high. 

2. Change compaction effort. 

a. Addition or deletion of weights. 

b. Increase or decrease number of passes. 

c. Decrease compaction layer thickness. 

d. Decrease forward travel. 

Change soil. 

a. Carry away all or partial of parent fill and replace 
from barrow. 

b. Purchase from an outside source a more suitable 
material. 
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Chemical Stabilization 
Chemical stabilization is not a separate solution. Its pri- 
mar. use is to make the mechanical methods more lasting. 
The expense of chemical soil stabilization usually precludes 
its e-ery day use. Chemical stabilization includes: 
| Soil cements. Admixtures of portland cements or fly 
ash distributed on the surfaces of the backfill in pre- 
determined quantities. 
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FIG. 9. Relationship of unconfined compressive strength to moisture 
content and density. 
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ADDITIONAL DRAINAGE OF WATER THROUGH ‘'B'* DOES NOT 
INCREASE LOSS IN SYSTEM VOLUME. “'L'' REMAINS AT REST, 
WATER LEVEL DROPS AS SPRING SUPPORTS ENTIRE LOAD. 


FIG. 10. Piston and spring analogy illustrating soil consolidation. 
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Bituminous binders. Distributed uniformly through- 

out the soil, decreases sensitivity of soils to water in 

addition to binding grains. 

3. Water proofing admixtures. Vinyl resins prevent 
changes in moisture content. 

4. Deliquescents. Prevent drying out and soil shrinkage. 


Soil Settlement 

Settlement of a backfill will always occur if a soil is 
placed in an excavation in a state of compression that is not 
at least equal to that of the surrounding parent soil. 

Under the compressive action of static loading, natural 
forces, and under favorable changes in soil structure (but 
always in a finite period of time) a backfill will tend to seek 
its ultimate state of compression. Soil under compression 
will exhibit a change in the volume of soil voids thereby 
increasing the density of the soil. Soil voids for the most 
part are filled with free water, the removal of which requires 
a definite interval of time. The effect of the full compres- 
sion cannot take place until the void water has been re- 
moved. The process of becoming more dense in increasing 
time is known as consolidation. 
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Fig. 10 is a simple illustration of consolidation. The spring 
“A” represents soil solids. The solids are surrounded by 
water forming a two phase relationship. Initially the load 
L is supported partially by the water and partially by the 
spring. The system remains static if — and only if — the 
water is contained. 

In the event the water is allowed to escape through valve 
B a reduction in the system volume occurs at a rate that is 
entirely dependent upon the rate that the water is allowed to 
escape. The compression of the spring is analogous to in- 
creasing the density of the soil. A point will be reached at 
which the load L will be supported by the spring compres- 
sion. The system will again be at equilibrium, with the entire 
load L supported by the spring. Allowing additional water 
to escape will not produce an additional change in spring 
compression. 

Consolidation is the inevitable result of a continued 
applied force resulting from: 

1. Capillary action. 

2. Soil body forces. 

3. Surface loading. 


Best evidence of capillary action is the vertical movement 
of water up a small diameter tube. The force exerted by this 
movement must be balanced by a compressive force on the 
walls of the tube. If the walls of the tube are the resilient 
grain structure of the soil, the walls will compress to a 
point where the capillary force is balanced by the resistance 
of the wall. If the grains are free to move under the action 
of the capillary force a change in soil volume will occur. 

W.ter moves upward through the soil by means of capil- 
laries formed by the individual grain boundaries. The move- 
ment is usually upward from the water table or free water 
surface toward the soil surface. The height of the capillary 
water column above the water table is dependent upon the 
grain size of the soil. In cohesionless sands the rise is only 
a few inches while in a cohesive clay the rise may be as 
great as 60 ft. 

The amount or percent of consolidation that will occur 
is dependent upon: 

1. Soil permeability, which governs the flow rate of the 

water. 

Thickness of overlying strata, which governs the vol- 
ume of water as well as the distance water must 
travel. 

Number of previous boundaries of stratum. This in- 
fluences distance the water must travel. 

The void ratio and the rate of change of the void ratio 
with pressure. This influences both volume of water 
and the change in soil volume with loss of water. 


Soil Settlement Due to Construction Operations 
Sub-surface facilities such as mains and service laterals 

located in close proximity to other major sub-surface con- 
struction may be adversely affected by soil settlement. Open 
cuts in soils cause settlement of the soil immediately adja- 
cent to the excavation. The magnitude of such settlement is 
dependent upon one or more of the following factors: 

Kind, type, and structure of the parent soil. 

Depth and width of the excavation. 

Amount of lateral bracing used and care with which 

it is placed. 

The magnitude and proximity of surface loading 

(surcharge). 

Settlement results from the failure of the soil comprising 
the free standing sides of the cut. A lateral, inward deforma- 
tion of the free standing sidewalls occurs due, principally, to 
the soils body forces. The surface soil immediately adjacent 
to the excavation is affected for some distance outwardly 
and laterally. The zone where ground lost due to settlement 


Adapted from presentation by Robert H. Ormston, Cincinnati Gas & Electric 
Company, to A.G.A. Distribution Conference. 
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FIG. 11. Settlemont due to construction operations. 


is most probable can be related to the depth and width of 
the cut. 

A shallow trench that is not supported laterally will, under 
one or more of the conditions outlined above, fail as a soil 
wedge tending to rotate about its bottom (Fig. 11A). 

On the other hand, a relatively deep excavation that has 
lateral support during construction by struts, and after con- 
struction by a backfill, can not rotate about its bottom; 
therefore, the soil must move vertically downward, as in 
Fig. 11B. All movement occurs at the bottom of the cut. 


Open Cuts in Cohesionless Soils 

Soils of this type carry surface loading by particle to 
particle contact. Stability is the major concern. Stability is 
dependent upon the soil friction angle and amount of sat- 
uration, making it almost mandatory to install lateral 
bracing even for shallow cuts. Because of the ability of a 
cohesionless soil to carry surface loading without lateral 
deformation, the settlement zone is usually limited to within 
one-half the depth of the cut. 


Open Cuts in Soft Clay 

Soft clay located ct the sides of a cut acts as a surcharge 
or surface load. Under the action of the surcharge, the clay 
near the bottom of the cut yields laterally toward the exca- 
vation (Fig. 11C) and the bottom of the cut rises resulting 
in a general settlement of the ground located above the 
yielding clay. 

It has been found that the magnitude of the lateral move- 
ment and corresponding settlement is dependent upon: 

1. Width of cut to depth of cut ratio. 

2. The construction procedure employed. 

3. The presence and the depth of soft clay beneath the 

bottom of the cut. 

If a cut is very narrow —i.e., width does not exceed 
depth, or if the bottom of the cut is located close to the sur- 
face of firm soil — the lateral movement or yield spreads 
a short distance from the sides of the cut and is restricted 
to a relatively narrow belt located on each side of the cut. 

If the cut is wide or if the clay is soft to a great depth 
below the bottom of the cut, the lateral yield and corre- 
sponding settlement may extend to a distance considera)ly 
greater than the depth of the cut, regardless of the care w th 
which the sides are braced. 
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Excavation Tables 


rhe various types of earth encountered during excava- TABLE A 
tion work for pipe laying are usually grouped into two : ; : : 
general classes: Excavated Material Displaced by Pipe 


|. Soft. This includes sand and loam, which may ex- 
pand approximately 20 percent. 


Volume of excess material, cu yd per 100 ft of trench 





4 a oe P Steel or Wrough "( OF s I ) 
4 2. Hard. This includes clay, adobe, decomposed granite, ee oe eins 
: and rock, which normally expand about 35 percent. Nominal 
Rock on — 50 ne Pipe Size, 20 percent 35 percent 20 percent 35 percent 
ock may expand up to 50 percent. Inches expansion expansion expansion expansion 
In Table B, spoil-pile dimensions are given for the two 2 0.1 | 0.1 
poll-p g = | 
different classes, using an angle of repose of 33° (a ratio 4 “ 2 . a “y 
‘ ‘ 
of height to width of 1 to 3). 6 1.1 1.2 1.2 1.3 
8 1.8 2.0 2.0 2.3 
Except for the amount displaced by the pipe, all exca- - - : : : oo 3.4 
. . ‘ = Dek -e v.09 
vated material — if properly wetted and tamped — will re- 16 6.2 7.0 7.5 84 
turn to the trench. Volume of excavated material displaced ~ ‘. ; ~ 9 - ; os : 
. 7 . . ° . ed o.4 Dus 
by the pipe for all classes of soil is given in Table A. 30 21.8 246 24.7 27.8 
\f TABLE B. 
7 Volume of Trench and Spoil-Pile Dimensions 
il : , 
(Based on 1 to 3 ratio of height to width) 
AS ; x Samal 
.- | | Pepe PRC 3101 
1: | Spoil-Pile Dimensions Spoil-Pile Dimensions 
fs | Volume of Volume of 
in Trench, Trench, 
it. Trench | cu yd per 20 percent expansion 35 percent expansion Trench | cu yd per 20 percent expansion 35 percent expansion 
Depth | 100 lineal Height Width Height Width Depth | 100 lineal Height Width Height Width 
_inft | ft (ft-in.) (ft-in.) (ft-in.) (ft-in.) in ft ft (ft-in.) (ft-in.) (ft-in ) (ft-in.) 
to 8-in. Trench 22-in. Trench 
ng 1% 3.7 0-11 2-8 0-11 2-10 _ 3 20.4 2-1 6-4 2-3 6-8 
it 2 4.9 1-0 3-1 1-1 3-3 314 93 8 9-3 6-10 9-5 7-3 
al 2% 6.2 1-2 3-6 1-3 3-8 4 27.9 9-5 79 2-7 7-8 
a 5 7.4 1-3 3-10 1-4 $+{) 4% 30 6 9-7 7-9 9-9 8-9 
J % | 8.6 1-4 a ee 5 34.0 2-9 8-2 2-11 8-7 
: 5l 37.4 2-10 8-6 3-0 9-0 
in 12-in. Trench — : —__—__— 

14 5.6 11 3-3 1-2 3-6 24-in. Trench 

2 7.4 1-3 3-10 1-4 1-) = — — 

2% 9.3 1-5 4-3 1-6 4-6 4 29.6 2-6 7-7 2-8 8-1 
ai Hl 1-7 4-8 1-8 1-11 4%) 83 = = ae 
= 14 13.0 1-8 5-0) 1-9 ns 5 37.0 2-10 8-6 3-0 9-0 
ay = — —— 54 40.7 3-0 8-11 3-2 9-5 
‘a- 16-in. Trench 6 44.5 3-1 9-4 3-3 9-10 
ng 214 12.3 1-8 4-11 1-9 5-2 30-in. Trench 
he 14.8 1-9 5-5 I-11 5-8 

9 17.3 1-11 5-10 2-1 6-2 4 37.0) 2-10) 8-f 3) 9+) 
Ie- 19.7 2-1 6-2 2-2 6-7 4% 41.7 3) 9-0) 3-2 9-7 

4'% 22.2 2-2 6-7 2-4 7-0 5 46.3 3-2 9-6 3-4 10-1 

MG | 24 _6-9 2-5 74 514 50.9 3-4 9-11 3-6 10-7 

Y ( 55.6 S— 10 3-8 ll-+) 
18-in. Trench — = 
he ~* 739 1-9 59 1-10 pws 36-in. Trench 

3 6.7 ~ 5-8 2-0) 6-0 - 

31 ag co 28 1-9 6-6 4% | 50.0 3-3 9-10 3-6 10-6 
ed 4 99 9 3-9 6-7 2-4 7-0) 5 55.6 3-6 10-5 3-8 11-0 

5 | oe ys . 3-7 710 6 66.7 3-10 11-5 4-() 12-1 
a 2» mee ee a. ni 614 72.2 3-11 11-10 4-2 12-7 
. 20-in. Trench = 4 an 
ut. 40-in. Trench 

th 3 18.5 2-0) 6-0 2-1 6-4 = 

i 3! 21.6 2-2 6-6 2-4 6-11 4l4 55.6 3-6 10-5 3-8 11+) 
= 4 24.7 2-4 6-11 2-5 74 5 61.7 3-8 1+) 3-11 11-8 
sly 4} 27.8 2-5 74 2-7 7-10 5M 67.9 3-10 1-6 1] 12-2 

t > 30.8 2-7 7-9 29 8-5 6 74.1 $+) 12-0 $-3 12-9 

79 34.0 2-9 8-2 2-11 8-7 64 80.2 4-] 12-4 4-4 13-1 
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Contract Control of Construction 


Adequate and clearly worded contracts and specifications plus 
conscientious and effective effort to maintain good cooperation be- 
tween contractor and company can be advantageous to both parties 


GAS DISTRIBUTION COMPANIES in the past few years, have 
shown increasing interest in levelling their gas main and 
service line construction work load by using contractors 
to do “peak shaving.” The “peak shaving” of construction 
work load by using contractors reduces the magnitude of 
the work load variation of a utility’s own forces. 


Why use contractors for construction of gas distribution 
facilities? 


Some companies that have peak demands for construction 
labor during the summer months have found it profitable 
to use contractors during these months rather than hire 
seasonal labor. Temporary labor is generally less productive 
and presents other problems which do not generally exist 
with permanent personnel. Additionally, the use of con- 
tractors makes it possible to keep overtime work at a mini- 
mum. Of course, a special job requiring specialized 
equipment, or engineering “know how” may make it 
necessary to use contractors at any time, since it is usually 
not economical to maintain special equipment and personnel 
for such projects. 

The number of contractors’ forces used range from a 
maximum during the heavy construction months to a 
minimum during the light construction period. The wide 
fluctuations in volume of work contracted does not seem to 
make the work too unattractive to the contracting com- 
panies. Of course, the contractor has some of the same 
problems facing him that face the utility, that is, he must 
find other work for those forces released by the utility dur- 
ing the off-peak season. 

The control of contractors’ activities begins in the office 
with the engineering, legal, and insurance groups preparing 
contracts and specifications that will be guide lines for the 
contractor and for company personnel responsible for his 
performance. 


Contracts and specifications should be clear and concise. 
leaving no doubt as to intent. Simplicity can be obtained by 
using local contractors who have acquired local experience 
and developed a system of team work with the utility 
company. 

Specifications for an “outside” contractor, especially on 
a complex project, must be more specific to avoid being 
charged for “extras” to compensate a contractor for inten- 
tional low lump sum bidding. 


A second phase in controlling a contractor is in the method 
of bidding. Here are four of the more popular methods. 


1. Blanket or Unit Bidding. This type is effectively used 
for work to be done in new housing developments or where 
unforeseen difficulties can be expected to be at a minimum. 
Competition is based on the per foot cost of pipe installed. 
with payment for accessory items being the same for all 
contractors. The per foot cost includes excavation, welding 
of pipe, lowering in, testing, backfilling, and clean up. 

Prices for accessory work such as resodding, repaving, 
brac'ng and shoring of trenches, abnormal rock excavation, 
etc, -an also be arrived at by having a number of competitive 
bids With these bids plus the company’s experience in such 
Wor’, it is easy to arrive at prices that are acceptable to 
the \ tility and fair to the contractor. 

Scone observations from utility engineers concerning this 
lype »f bidding are: 


“Contractor unit prices have dropped 20% in the six 
years of blanket bidding, which indicates increased fa- 
miliarity of contractors with the work and also the effect 
of competition between contractors. 

“It is advisable to obtain separate quotations on single 
and double random lengths of pipe. It is also advisable to 
break down the jobs into length categories such as less 
than 1000 ft; 1000 to 1999 ft; 2000 to 2999 ft, and over 
3000 ft. With other factors being equal, the longer the 
job, the less the unit cost should be. 

“Specifications are reprinted each year, which allows 
the utility an opportunity to strengthen the wording and 
close loopholes. They may be changed during the year 
by addendum but this allows the contractor to change 
his quotations.” 


2. Lump Sum Bids. This type of bid requires a contractor 
to quote a fixed amount, but specifications for the job must 
be prepared in such a way to preclude the need for “extra” 
payments for the unforeseen. Bidding of this type may be 
more costly, as the contractor tends to protect himself by 
the inclusion of a contingency to cover the unknowns he 
might encounter. 


3. Time and Material Bids. For this type of bidding, a 
contractor should furnish rates to be charged for men, equip- 
ment, material, overheads, and profit percentage. Care must 
be exercised by the company to prevent the use of excessive 
numbers of men and equipment that would result in high 
total cost. This is difficult to do without leaving the company 
open to possible criticism by the contractor for denying him 
the use of adequate labor and materials to efficiently perform 
his work. 


4. Time and Material Bids Not to Exceed a Fixed 
Amount. This type of bidding is similar to straight Time and 
Vaterial bidding except that it provides a maximum pay- 
ment. This tends to prevent the use of excessive numbers of 
men and equipment by the contractor and places responsi- 
bility for productivity on the contractor to a greater extent 
than under a straight Time and Material Contract. 


Contract Awards 

After receipt and comparison of quotations, the contract 
is normally awarded to the lowest bidder since it is assumed 
that invitations are sent only to reputable and qualified con- 
tractors. However, the job may be awarded to other than 
the lowest bidder if interim developments indicate the in- 
ability of the lowest bidder to complete the project on time 
due to other commitments. 


Inspection 

It is most advisable to have a distribution company 
engineer or field inspector, usually from the engineering or 
construction department, assigned to the job to assure that 
the contractor performs his operations in accordance with 
the provisions of the contract and specifications. In doing 
this the company inspector must scrupulously refrain from 
telling the contractor how to do his work since this tends 
to relieve the contractor of his responsibilities. 

The following are areas in which the company inspector 
should have responsibility: 


Adapted from presentation by 8. Frank Harris, Jr., Baltimore Gas & Electric 
Company, before A.G.A. Distribution Conference. 
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1. Materials. Where materials are supplied by the utility, 
the company inspector should order their delivery and 
obtain a receipt from the contractor, who then becomes re- 
sponsible for them. The company, however, should remain 
responsible for any defective materials and any expense in- 
volved in their replacement. Where materials are supplied 
by the contractor, the company has no responsibility until 
completion and acceptance of the work. 


2, Supervision. The company inspector must be sure 
that the contractor provides skilled supervision during all 
phases of the work. 


3. Alterations and Extra Work. The contractor is not 
allowed to make changes in the specifications or to do extra 
work without specific approval from the inspector. This may 
or may not be in writing but the latter avoids reliance on 
people’s memory when final settlement of costs are made. 


4. Permits and Regulations. The company or contractor 
may be required to obtain permits, licenses and easements 
but the inspector must see that the contractor abides by their 
provisions. Safety regulations should be established by the 
company as any accident will reflect on the company, since 
the public generally considers that gas main construction 
is being done by the local utility. 


5. Inspection of Work During Construction. The com- 
pany specifications should provide for a check of the welders’ 
performance, using X-ray or radiography. Sample welds may 
be removed for testing and if approved, paid for by the 
company, while the contractor should pay for any rejected 
welds. The number of welds tested usually depends upon the 
size of the main and the type of service for which it is 
designed. 

The contractor should be required to check pipe coating 
with “holiday” detectors and to repair the coating flaws at 
his own expense, except that the company may pay for the 


repair of excessive damage caused by poor mill coating or 
by improper handling by the company during delivery of 
the pipe to the contractor. 

The inspector should witness the testing of the installation 
and specifications should require the contractor to rep,ir 
any defects at his own expense. 


6. Correction of Work After Final Payment. Normail'y, 
provisions are made for the contractor to remedy any defects 
that appear within a specified time limit. The shorter this 
time limit, the less the contractor will provide under con- 
tingencies to cover the work. Normally, 60 days is considered 
the minimum to obtain sufficient backfill compaction for 
the use of a Pearson-type “holiday” detector to pick up 
coating flaws. The contractor should be required to repair 
any flaws at his own expense. A longer time is desirable to 
check workmanship involving paving, sodding, and reseed- 
ing. A one-year limit here allows for the elements of all 
seasons to take effect. 

There are other factors controlling construction by con- 
tractors, such as performance bonds, provisions for the 
contractor to indemnify the company against all damages and 
expense as a result of his operations, provisions for the 
company to take over and complete work upon default by 
the contractor, and the company’s right to control the use 
of subcontractors. 

This, of course, brings us back to the beginning, that 
proper preparation of contracts and specifications is an 
essential that must be carefully thought out. 

With adequate and clearly worded contracts and specifi- 
cations and with a conscientious and effective effort made 
by the company inspector to maintain good cooperation be- 
tween the contractor and the company, the use of contractors 
to level out the utilities’ construction work can and will be 
adequately controlled. 

This should be to the advantage of both the contractor 
and the utility company. 





Some Examples of 
General Contract Conditions 


(These are presented for illustration purposes only. Actual 
contract wording depends on company requirements and 
legal requirements in the state and locality in which con- 
struction is to be performed.) 


|. Definitions. Contract should define owner (company), 
engineer or inspector, regulatory body, contractor, surety, 
contract, manufacturer, and any other terms pertinent to the 
contract. 


2. Duties of company engineer or inspector should be 
defined, and his authority should be outlined with regard 
to directing manner in which work is conducted, approval 
of materials, etc. 


3. Changes in work. Company, through the engineer or 
inspector, may from time to time make changes in drawings 
and specifications and require additional work or omission 
of work previously ordered. Provisions of contract apply to 
all such changes, modifications, and additions as if they were 
embodied in original drawings and specifications. 


4. Status of contractor. Contractor agrees to perform 
contract as an independent contractor, and not as a sub- 
contractor or agent or employee of the company. 





5. Permits and licenses. Company provides contractor 
with necessary permits for construction on or across all high- 
ways, streets, alleys, private rights-of-way, and railroads. 
Contractor procures and pays for all permits and licenses, 
and pays for all charges and fees and give all notices neces- 
sary and incident to conduct of the work. 


6. Superintendence and supervision. Contractor provides, 
on job site, a competent superintendent and any necessary 
assistants satisfactory to the company engineer or inspector. 
Superintendent represents the contractor and any directions 
given him by the engineer or inspector in absence of con- 
tractor are binding upon the contractor. 


7. Assignment of contract. Contractor shall not assign 
contract or any portion thereof to any person, persons, 
partnership, company, or corporation without permission of 
the company. 


8. Subcontracts. If contractor has any part of the work 
performed by a subcontractor, provisions of contract apply 
to the subcontractor in all respects, as if he and his em- 
ployees were employees of the contractor, and contractor is 
not discharged from his contract obligations but is liable 
for all acts and negligence and omissions of the subcon- 
tractor. No subcontracts are made without approval of ihe 
company. 


9. Owner’s right to terminate contract. Company 14S 
right to terminate contract if the contractor abandons work 
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to be done under the contract; if the contract is assigned; 
if the work is sub-let by him without permission; if the con- 
tractor is placed in bankruptcy; or if at any time the com- 
pany en*ineer or inspector is of the opinion that the schedule 
of work is not being maintained or contractor is violating 
any of the conditions or agreements of the contract. 


10. Contractor informed as to conditions. Contractor 
must state that he has examined all available records and 
has made field examination of the site and rights of way, 
informed himself of surface and subsurface conditions to 
be encountered, knows the location and suitability of all 
construction materials, local labor conditions, all require- 
ments, regulations, and specifications of local regulatory 
bodies, and all other matters pertinent in connection with 
work and services to be performed under the contract. 
Contractor also must state that the contract price is based 
on his own knowledge and judgment of conditions and 
hazards involved and not upon representation of the owner 
or his employees. 


11. Time and order of completion. Contractor agrees 
to commence and carry out work as directed by engineer 
or inspector in accordance with schedule of completion of 
work outlined in agreement. 


12. Hindrances, delays, and loss. Contractor assumes all 
risks and uncertainties in connection with the work as he is 
compensated for them in the contract price. 


13. Quality of materials. All materials furnished by con- 
tractor and permanently incorporated in the work shall be 
new and source of supply and materials themselves are to 
be first approved by the engineer or inspector. 


14. Protection of public, property, and persons. Contrac- 
tor must declare himself familiar with all Federal, State, and 
local laws and regulations framed for protection of public, 
his employees, and otherwise applicable to his work and 
takes all necessary precautions necessary to prevent acci- 
dents in any place. Contractor shall assume defense in all 
suits or claims brought against owner or company for and 
on account of any injury or damage to person or property 
in connection with the performance of work under the con- 
tract. 


15. Insurance policies. Contractor is to carry, maintain, 
and continue in force, throughout performance of the con- 
tract, insurance in licensed companies to include: a) Work- 
man’s compensation insurance (where required); b) 
General public liability insurance; c) Automobile public 
liability and property damage insurance. Certificates of such 
insurance are filed with the company, and contractor or his 
insurer must provide prior written notice of material change 
in such policies or cancellation of them to the company. 


16. Protection of highways, railroads, and city streets. 
Contractor shall repair and protect at his own expense public 
roads, city streets, bridges, to full satisfaction of city and 
state highway authorities. 


17. Night work. When required to complete work or 
necessary in emergencies, work may be done at night, but 
hot without knowledge and approval of company engineer 
or inspector. 


— 


« 
¢ 


Cleaning up. Contractor shall completely remove and 
dispose of all temporary works as directed and restore ter- 
titory embraced within site of his operations to good order 
and -onditions as directed. 


19. Scope of work. Work shall consist of furnishing all 
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labor, materials, and equipment for construction of 
described facilities. 


20. Materials furnished by owner. Owner agrees to furn- 
ish materials as specified and at delivery points as shown in 
agreement, including all undereround piping, coating ma- 
terials, valves and fittings, pipe bends, boxes, concrete 
materials for paving repairs, etc. 


21. Materials furnished by contractor. Contractor agrees 
to furnish all materials for temporary construction — for 
safezuarding life and property — necessary for execution of 
work to be performed by him. All such materials to be 
approved by engineer or inspector, and are to be ordered 
and received by the contractor. 


22. Work to be performed by owner. As agreed upon. 
(Covers installation of certain facilities, if necessary, and 
welding, if company does own pipe welding in field.) 


23. Work to be performed by contractor. Includes all 
work with exception of that to be performed by the com- 
pany. Generally includes receiving, unloading, handling, and 
storing of pipe and other materials after delivery to contrac- 
tor; all ditching and backfilling, including breaking and 
repairing of paved surfaces, tunneling, boring, and other 
excavations; hauling, string, and lining of pipe; welding of 
pipe; field coating of welded pipe joints; cleaning, swabbing, 
and inspecting of pipe to insure removal of foreign objects; 
lowering-in and placement of pipe; pressure testing of line; 
maintaining barricades and warning signals for protection 
of the public. 


24. Schedule of material specifications and deliveries. 
Includes description of materials and delivery points for 
each materials item. 


25. Type of construction and other provisions. Includes 
details on: 


as 


1. Receipt of materials. 

. Hauling and stringing. 

. Ditching. 

. Backfilling, replacing of paving, and clean-up. 
. Pipe cleaning and protective coating: 


ao Ss 


oO 


1. Welded joints, etc. 
2. Inspection of protective coating. 
3. Handling of coated pipe. 
f. Lining, tacking, and welding of pipe. 
g. Laying and lowering-in. 
h. Testing: 


1. Preliminary testing. 

2. Final testing 
i. Roads and highway crossings. 
j. Installation of other equipment. 


26. Contractor informed as to specifications. Intent of 
specifications for all classes of work is to provide a complete 
installation ready for the transportation of natural gas. Con- 
tractor declares himself fully familiar with the specifications 
and warrants all work done by him to be completed in 
strict compliance with the specifications and the best con- 
struction practices. The owner, while reserving the right to 
inspect the work, does not obligate himself to supervise the 
construction to be performed by the contractor, and the 
contractor must assure himself that work is being properly 
done at all times, and is responsible for the efficiency, 
safety, and adequacy of his plant, appliances, and methods. 
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COST-IMATING 


In response to many requests from readers and users of 
the Gas Handbook Issue of American Gas Journal, the 1960 
issue again presents cost data designed to serve as a valuable 
“working tool” for engineering and operating men concerned 
with utility plant valuations and trends in costs of materials 
and equipment, as well as installed costs. 

Numerous cost indexes are available for trending original 
cost records or for comparing — for estimating purposes — 
new or replacement costs of numerous items used in the gas 
utility industry. Cost index data presented on these two pages 
represents the first effort of any gas industry publication to 
present — as a regular service — a breakdown of many of 
the numerous items required to make a factual and compre- 


Primarily, the cost index data presented here has been 
obtained from two authoritative sources — the U. S. Depat- 
ment of Labor’s Bureau of Labor Statistics, and the Handy- 
Whitman Index of Public Utility Construction Costs. The 
Materials and Equipment Cost Index items are based on 
1947-49 = 100, and for the Installed Costs Index the Hancy- 
Whitman Index has been adjusted so that a 1949 = 100 
base can be used to provide a measure of uniformity. 

This “Cost-imating” feature also appears in regular issues 
of American Gas Journal, as new cost data becomes avail- 
able. Additional items are planned for inclusion in the Mate- 
rials and Equipment Cost Index as they are developed from 
other sources and checked for validity. Suggestions from 
Handbook readers are welcomed. 


hensive cost analysis. 





Materials and Equipment Cost Index 
(Based on 1947-49 = 100, unless otherwise noted) 





Arc Welding Machines and Equipment 
Building Materials (Non-Metallic) 


Concrete—Ingredients 
Concrete—Products 


Construction Equipment (Composite) 
Air Compressor, under 200 cfm 
Air Compressor, over 200 cfm 
Ditcher 
Loader, Tractor, Shovel-type 
Paving Breaker, Pneumatic 
Power Crane, Truck Mounted 
Power Crane, Tractor Mounted 
Power Shovel, %-cu yd 
Tractor, Wheel-Type 
Tractor, Track-Type, under 45-DHP 


* Meters, Gas, Domestic 


Motor Vehicles 
Passenger Cars 
Trucks 


Office Machines and Equipment.......... 


Pipe and Fittings 
*Cast Iron Gas Pipe 
*Cast Iron Fittings, 4 thru 24-in. 
Copper Tubing, %-in. 
*Steel Pipe, 2-in. 
*Steel Pipe, 16-in. 
Steel Pipe, Black, 1% -in. 
Steel Pipe, line, 8-in. 
Tee, Steel, Forged, 1-in. 


Pressure Tanks, Above-ground 


* Regulators, Gas, House............ 


Tires and Tubes 


Valves 
Gate Valve, Iron, 6-in. 
Gate Valve, Brass or Bronze, 1-in. 
Gate Valve, Forged Steel, 2-in. 
Gate Valve, Cast Steel, 6-in.. . 


1954 
125.0 
120.9 


121.0 
117.5 


131.6 
128.4 
121.7 
124.2 
125.7 
126.0 
133.7 
111.9 
128.6 
123.8 
142 3 


122 


119.3 
121.7 
113.8 


112.4 


103 
121 
144.6 
130 
119 
141.4 
157.7 
148.0 


99.9 
109 
130.6 


148.1 
147.8 
104.7 
126.5 


1955 
129 3 
124.2 


124.8 
118 6 


137.1 
137.1 
129.2 
129.2 
127.4 
128.1 
141.5 
115.6 
134.1 
126.8 
148 3 


122 


122.9 
125.4 
118.0 


115.5 


105 
125 
164.3 
134 
121 
150.7 
167.2 
153.4 


105.5 
109 
144.9 


165.4 
164.4 
106.4 
127.4 


1956 
142 2 
129 6 


130.6 
123 0 


148.6 
141.2 
130.3 
142.5 
136.9 
144 4 
154.5 
120.3 
143.5 
130.5 
160 3 


133 


129.8 
131.8 
127.3 


119 6 


110 
129 
180.6 
145 
127 
168.7 
190.7 
175.1 


124.8 
109 
152.2 


199.4 
200.9 
115.1 
141.2 


1957 
147 3 
134 6 


136.0 
126 4 


160.0 
157.0 
146.0 
152.2 
149.6 
156.1 
162.3 
129.8 
151.1 
135.9 
170.4 


143 


135.4 
137.2 
134.0 


124.7 


119 
133 
159.1 
157 
135 
185.4 
212.0 
183.0 


129.6 
109 
150.9 


211.7 
205.8 
121.9 
163.0 


1958 
152.3 
136 0 


139.0 
128 | 


166.1 
163.9 
154.6 
142.6 
155.2 
166.0 
164.9 
135.1 
153.9 
137.5 
181 0 


158 


139.7 
141.0 
139.8 


126 8 


125 
140 
153.6 
170 
145 
191.5 
218.9 
175.6 


121.1 
119 
152.4 


204.0 
191.8 
127.5 
169.7 


1959/a) 
151.9 
137 7 


140 3 
129 7 


171.9 
171.8 
161.1 
147.0 
1617 
181 6 
167.1 
135.1 
161.6 
143.0 
189 6 


158 


142.8 
144 2 
142 4 


128.1 


125 
145 
166.9 
176 
150 
190.9 
218.1 
172.0 


124.9 
119 
144.0 


250.6 
194.9 
136.7 
189.9 


Jan. 


1960 
151 4 
138 4 


142.0 
130 5 


173.6 
173.2 
162 4 
150.1 
162 5 
181 6 
168 2 
135.1 
165.0 
143.3 
195 4 


158 


141.6 
143.3 
139 6 


128.9 


125 
145 
173.0 
176 
150 
190.9 
218.1 
172.0 


124.9 
119 
133.3 


279.5 
199.1 
136.7 
197.0 


Aor. 
196( 


156 9 
138 


142 
131 


174 
173 
162 
150 
162 
18] 
168 
135 
167 
144 9 
195 4 


158 


141.6 
143.3 
139.6 


129.0 


wm 


Noe MID OTN & Mr 


125 
145 
173.0 
176 
150 
190.9 
218.1 
172.0 


124.3 
119 
138.1 


279.5 
200.7 
136.7 
197.0 


References’ 
Code 1176 
Code 13- 


Code 132- 
Code 133 


Code 112 

Code 1124-0! 
Code 1124-0? 
Code 1123-01 
Code 1122-31 
Code 1126-0! 
Code 1121-1! 
Code 1121-31 
Code 1121-0! 
Code 1128-01 
Code 1128-11 


Handy-Whitman 


Code 118- 
Code 1181 
Code 1182 


Code 1153 


Handy-Whitman 
Handy-Whitman 
Code 1025-53 
Handy-Whitman 
Handy-Whitman 
Code 1014-56 
Code 1014-58 
Code 1149-13 


Code 1072-0! 
Handy-Whitman 
Code 072 


Code 1149-0! 
Code 1149-0 

Code 1149-05 
Code 1149-04 


"oe “Code” refers to the revised index code number (August 1958) used in ‘““Wholesale Prices,” issued by Bureau of Labor Statistics, U. S. Depart nent 


2 

%Starred items have base of January 1949 = 100 and are based on data from Handy Whitman Index of Public Utility Construction Costs, publishe by 
Whitman, Requardt, and Associates. These items are considered to give a more reliable index ef utility costs than other cost indexes as they are based on 
actual utility material costs and property valuations. 

(a) Preliminary index number for 1959. 


a 
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(Based on January 1, 1949 = 100) 


Gas Distribution Construction — Installed Costs Index* 





_— 


NORTH ATLANTIC REGION 


Total Construction and Equipment, 


Mamrernnee BRE POE 6s kissed ss circa wi we 
lat CREE, PURINE 8. Scan ccn cet ui esos 
SIGS: SU ENIEUIN Scie o'5."5 Seed aca a ale Rane dee 
UU OUI. a. 5 oo, Gov oe OW RR ORS ee 
NS I 9 og oo a's wo ios oe ecu ea eae 
House Regulator Installation.................. 
CRN ek are Whe eeu ps wack til Be ew ack Re 


(Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New 
Jersey, New York, Pennsylvania, Rhode Island, Vermont, West Virginia) 


Jan 1} 
1954 
121 
15 
128 
130 
122 
122 
129 


Jan 1 
1955 
126 
119 
134 
135 
130 
128 
133 


Jan 1 
1956 
136 
128 
146 
148 
142 
141 
137 


Jan | 
1957 


146 
134 
15] 
156 
153 
15) 
142 


Jan 1 
1958 


155 
140 
161 
167 
166 
163 
147 


Jan | 
1959 


160 
145 
169 
75 
173 
170 
151 


July 1 
1959 
163 
150 
176 
182 
174 
71 
158 


Jan 1 
1960 
164 
151 
177 
184 
179 
176 
167 





SOUTH ATLANTIC REGION 


Total Construction and Equipment, 
Manufactured Gos Plant............. 
Mains, Cast tron, Installed... .......... 
a ee 
Services, Installed 
eee 
House Regulator tnstallation. . . . 
ae ae 


(Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, 


Tennessee, Virginia ) 


Jan | 
1954 


121 
5 
128 
121 
121 
121 
122 


Jan | 
1955 


125 
118 
133 
130 
127 
127 
127 


Jan 1 
1956 
134 
126 
143 
142 
137 
136 
131 


lan 1 


1957 


146 
135 
154 
154 
150 
149 
137 


Jan | 
1958 


154 
141 
161 
162 
16] 
160 
140 


Jan | 
1959 
159 
145 
169 
170 
169 
168 
150 


July 1 
1959 
162 
148 
174 
175 
71 
170 
155 


Jan 1 
1960 
163 
149 
175 
178 
176 
174 
156 





NORTH CENTRAL REGION 


(Illinois, Indiana, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North 


Dakota, Ohio, South Dakota. Wisconsin) 














jon | Jan } Jan Jan 1} Jan | Jan | July 1 Jan 1 
Total Construction and Equipment 1954 1955 1956 1957 1958 1959 1959 1960 
Manufactured Gas Plant... . 124 128 136 147 155 160 163 163 
Mains, Cast Iron, Installed... .......... 120 124 129 136 143 147 15] 151 
Mains, Steel, Installed .............. 135 140 148 155 165 172 178 178 
Services, Installed 133 138 146 155 167 173 179 181 
Meter Installation ......... : 123 130 143 155 168 175 177 183 
House Requlator Installation... . . 123 130 142 154 166 173 75 181 
VSR Be an Chea ar eee eT ee eee eae 129 134 144 146 152 160 164 167 
SOUTH CENTRAL REGION (Arkansas. Louisiana. Oklahoma, Texas) 
Jan 1 Jan | Jan 1} Jan | Jan | Jan | July 1 Jan | 
Total Construction and Equipment, 1954 1955 1956 1957 1958 1959 1959 1960 
Monufactured Gas Plant........... 120 125 133 144 152 157 159 160 
Mains, Cast Iron, Installed................... 117 121 126 134 140 143 146 147 
SN SER MINI os cuchiyed. a Wce% orace Wiel cal Keds 137 144 151 160 170 177 183 184 
MR TES oil 0, re OA ante ee Retas 125 13] 139 150 160 166 172 174 
SIN SII scares SG “cule: ave id iw ahela wd aie and 123 131 142 155 169 75 178 182 
House Regulator Installation.................. 121 128 139 156 164 170 172 77 
LE SANE fateree ae wren meee ak or 127 130 140 143 149 155 161 162 
PLATEAU REGION (Arizona. Colorado, Idaho, Montana, Nevada. New Mexico, Utah, Wyoming) 
Jan | Jan 1 Jan | Jan | Jan | Jan 1 July 1 Jan | 
Total Construction and Equipment, 1954 1955 1956 1957 1958 1959 1959 1960 
Manufactured Gos Plant................... 120 125 133 145 152 157 160 161 
Mains, Cast Iron, Installed................... 112 116 122 131 135 138 142 143 
UNS, SUMO MIMI 3c 5 o.oo cee Swe chenecn 129 135 144 153 162 170 176 176 
AOS PUNE 6 ge 5a 6 lave, ohn ‘aie craw lakh 126 133 143 155 165 171 179 181 
ee SINE on, 6 Sh kiss o-v old ccc Seve cee 123 129 140 152 167 174 177 182 
House Regulator Installation.................. 123 128 139 150 164 172 176 179 
PROD ep NN NE Re was rhe gc boo eas ha 134 137 143 144 153 165 172 172 
PACIFIC COAST REGION (California, Oregon, Washington ) 
Jan 1 Jan 1 Jan | Jan | Jan | Jan 1 July 1 Jan | 
Total Construction and Equipment, 1954 1955 1956 1957 1958 1959 1959 1960 
Manufactured Gas Plant................... 121 127 137 145 153 159 163 163 
Mains, Cast Iron, Installed...............-04. 114 19 127 132 138 143 148 148 
Mains SONG I i ig 5d, Wale k a melee eae ante 129 136 148 151 162 71 178 79 
SM hd ee ee Ae 125 133 143 150 162 71 178 181 
ee: INUUNMNIOIT Fos Sav ok Se bc a Vee c cus 121 129 144 156 170 177 179 186 
House eguiator Installation... ............... 119 128 142 154 167 173 177 183 
EEE ee ee ee Pee ie 7 126 140 140 146 154 161 165 
_— 
*Cons 


for c y year from 1912, refer to Handy-Whitman Index Bulletin No. 72, index at costs to July 1, 1960. 


— 


iction index based on Handy-Whitman Index of Public Utility Construction Costs, published by Whitman, Requardt, and Associates. For detailed information on costs 
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Types of Corrosion 





Galvanic Corrosion 


Practically all corrosion encountered in pipeline operations is 
galvanic in nature, wherein the chemical change is accompanied 
by a transfer of electrical energy. Such reactions are called 
electrochemical. In galvanic corrosion, the area from which cur- 
rent flows is called the anode; the area to which the current flows 
is called the cathode. Two types of galvanic corrosion exist — 
one in which dissimilar metals are in a common electrolyte, and 
one in which a common metal is in dissimilar electrolytes. 


Dissimilar Metals. One of the most prevalent and least con- 
sidered galvanic cells occurs when a piece of new pipe is placed 
in an old line, as in Fig. 1. The new pipe always becomes the 
anode and its rate of corrosion depends largely upon the type of 
soil and relative areas of the anode and cathode. If a very short 
piece of pipe is installed, the corrosion rate is usually very 
accelerated because the small anode area must supply current to 
satisfy a much larger cathode area of the old line. 


Fig. 2 illustrates another common type of galvanic cell, one 
that is produced by differences in the surface condition of the 
pipe metal. Scars or scratches on the pipe surface become active 
anode areas soon after a line is buried. The same is true of bright 
surfaces of the shallow threads adjacent to a coupling or fitting. 
In both cases, the bright surface becomes the anode and the rest 
of the pipe surface is cathodic. In some soils, such corrosion cells 
are very active and destructive, due to the ratio of the small 
anodic area to a large cathodic area. 


Fig. 3 shows another common type of galvanic cell occuring 
on the surface of new pipe. Mill scale, imbedded on the pipe sur- 
face during manufacture, acts as a dissimilar metal from the pipe 
wall. Current in the cell will flow from the pipe (the anode) 
through the soil to the mill scale and return to the pipe metal. 
Pits form at the anodic area. 


Dissimilar Electrolytes. Galvanic corrosion of this type along 
pipelines is generally due to differences in soils or soil condi- 
tions. Fig. 4 illustrates a condition at a location having two com- 
pletely different soil types. While the pipe is of common metal, 
the two different soils produce the effect of a dissimilar electro- 
lyte, causing the pipe in the anode area to corrode while pipe in 
the cathodic area is protected. If the resistance to current flow 
through the soil from the anode to the cathode is high, the cor- 
rosion rate will be slow. Conversely, if the soil resistance is low, 
the corrosion rate will be rapid. 


Fig. 5 shows another type of galvanic cell produced by a mix- 
ture of different soils. If large clods of dirt (usually resulting 
from hand digging) rest against the pipe, the area that they touch 
tends to become the anode of a galvanic cell. Such cells, having 
their anodic and cathodic areas around the circumference of the 
pipe, are called short path cells, and produce very rapid pitting. 
Machine ditching usually produces a well mixed spoil bank, re- 
sulting in a great number of small cells that tend to neutralize 
each other, resulting in a slow corrosion rate. 


Fig. 6 shows another cell in which the soil throughout the 
depth of the ditch is uniform in type or kind, but the pipe rests 
on heavy, moist, undisturbed ground at the ditch bottom, while 
the pipe circumference is in contact with drier backfill. Greatest 
dissimilarity — and most dangerous condition — occurs along 
the bottom of the pipe. It can produce very severe pitting. 


Stray Current Corrosion 


Stray current corrosion can occur any time a pipeline is laid 
in the vicinity of an electrified railway, electrified manufactur- 
ing plant, or near structures that are being protected by an im- 
pressed direct current. In such cases, the ground (earth) is often 
used as a return path for the current. Often, however, the current 
strays from its direct path via some other structure — such as a 
pipeline. Because such currents “stray” from their desired paths, 
they are called “stray currents.” At points where such currents 
flow onto the pipeline, the pipe is the cathode of a cell and is 
protected. Likewise, where the current leaves the pipeline, the 
pipe becomes the anode of the cell and will corrode. 


Bacteriological Corrosion 


Bacterial corrosion — or more specifically, anaerobic bacte- 
rial corrosion — is often not recognized. The modern concept of 
such corrosion is that bacteria found in soils cause changes in 
the physical and chemical properties of the soils. By so doing, 
they produce either active galvanic cells due to differential aera- 
tion or destroy the protective hydrogen ion films that normally 
collect along the cathodic surface of a galvanic cell (which 
reduces its activity). Such corrosion takes place only under cer- 


tain conditions where no free oxygen is present and results ir 
production of sulfide as a corrosion product. It is affected b) 
such factors as soil moisture content; whether soil is neutral o 
acid; abundance and type of organic matter (leaves, roots, woo! 
type fibers), and presence of necessary chemical salts required as 
food for the bacteria. Additionally, the soil temperature around 
the pipe must be used as to permit the bacteria to grow. 


Other Types 


Direct Chemical Attack. While electrochemical in nature, no 
current flow is detectable in this type and there are no definite 
anodic or chemical areas. It is often the result of secondary 
reactions involving corrosion products or due to mechanical re- 
moval of protective films by erosion, thermal changes, or flex- 
ure of metal under load. 


Dry Oxidation. This type occurs when clean surfaces of metals 
are exposed to air or other gases, forming oxide films and other 
compounds. Rate of film growth is usually greater at higher 
temperatures. Moisture in air or gases can accelerate rate of 
attack. 


Atmospheric. This is a combination of electrochemical attack 
and direct chemical attack. It is influenced by temperature 
changes, alternate wetting and drying, and the washing action of 
elements that modify rates of film removal. A noted difference 
can be observed between rates of attack in industrial atmos- 
pheres and rural atmospheres. 
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A Coal Tar T[APEGOATing 


Introducing 


(Exploded View) 


that Provides 


PLUS 
an Outer Wrap 


* It’s more than just a coal tar coating! 


* It’s designed for single-thickness 


application! 


* It has advanced features of uniformity! 


* It assures greater coverage! 


* It includes a tough outer wrapper! 


* It combines 20 years of manufacturing 
and field application experience! 


* It gives superior protection with 


greater economy! 


Write for the complete details today. 





Sales and Service Offices in New York, Pittsburgh, Charlotte, Birmingham, Houston, Lincoin, Tulsa, 
Minneapolis, Salt Lake City, San Francisco, Los Angeles, Seattle 


zw TAPECOAT 


ORIGINATORS OF COAL TAR COATING IN TAPE FORM 


1567 Lyons Street, Evanston, Illinois 
Telephone: DAvis 8-5220 
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View of specially-designed machine developed after five years 
of research by Tapecoat engineers to convert raw materials 
automatically into TAPECOAT 20. 
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Corrosion Data: The Electromotive Series 


Electrode materials have an important bearing on the rate of 
corrosion, for they have a marked influence on the voltage of the 
corrosion cell. The various metals have been arranged by electro- 
chemists in the order of their tendency to go into solution, i.e., to 
form ions. This is the well-known electromotive series, also 
known as the electrochemical series or the electromotive force 
series. 


In the table, “Electrochemical Series of Metals,” the voltages 
given are voltages obtained in a cell prepared under specific 
conditions in which the metal named in one electrode and a hy- 
drogen electrode is the other electrode. Potential of the hydrogen 
electrode is arbitrarily taken as zero. To obtain the voltage devel- 
oped when any two metals are used as electrodes, subtract the 
smaller electrode potential from the larger if the signs are alike, 
and add them if the signs are opposite. 


Metals at the top of the table go into solution readily. The 
tendency of metals to corrode decreases as one goes down the 
list. 

When two different metals serve as electrodes in a voltaic 
cell, the metal highest in the series will be anodic and will cor- 
rode; the other metal will be cathodic and usually is not harmed. 
The farther the metals are apart, the greater will be the voltage 
of the cell and the greater will be the corrosion tendency. 


A metal may also displace one below it in solution. For exam- 
ple, a piece of iron or nickel placed in a copper sulfate solution 
will go into the solution in place of the copper, and copper will 
precipitate on the nickel or iron as a metal coating. This is called 
deposition by immersion. 


Voltages given in the electrochemical series table were ob- 
tained under experimental conditions that were very definite as 
to the nature of the electrolyte, its concentration, and its tempera- 
ture; any deviation from such conditions will give different 
voltages. . 


For example, zinc and ferrous iron show a 0.33-volt difference 
in the series table and the zinc is anodic. But in hot water, these 
potentials have been noted to reverse and the zinc becomes 
cathodic. The table also indicates iron is anodic with respect to 
cadmium but if the two are used in a solution with an iron ion 
concentration much greater than the cadmium ion concentration, 
the iron becomes cathodic. 





ELECTROCHEMICAL SERIES OF METALS 
(Potential is given as that between the element in its stand- 
ard state and its ion at unit activity in the solution.) 

Reference Potential 
Element Ion In Volts 
Lithium Li 2.96 
Rubidiun Rb 2.93 
Potassium hk 2.92 
Strontium Sr 2.92 
Barium Ba 2.90 
Calcium Ca 2.87 
Sodium Na 2.71 
Megnesium Mg 2.40 
Aluminum Al 1.70 
Beryllium Be 1.69 
Manganese Mn -1.10 
Zine Zn 4.76 
Chromium Cr -0.71 
Chromium Cr 0.50 
Iron (ferrous) Fe 0.44 
Cadmium Cd —-0.40 
Indium Int 0.34 
Thallium Tl 0.33 
Cobalt Co 0.28 
Nickel Ni 0.23 
Tin Sn 0.13 
Lead Pb: 0.12 
Iron (ferric) Fe 0.04 
Hydrogen H 0.00 
Antimony Sb: 1+-0.10 
Bismuth Bit +0.23 
Arsenic As? 0.30 
Copper (cupric) Cu +-0.34 
Copper (cuprous) Cu +-0.47 
Iodine I +-0.53 
Tellurium Te? +-0.56 
Silver Ag }+-0.80 
Mercury Hg }-0.80 
Palladium Pd +0.82 
Platinum Pt++ +0.86 
Bromine Br‘ +-1.06 
Gola (auric) Au 1-1.36 
Gold (aurous) Au +-1.68 











Changes taking place in a solution as corrosion proceeds ma 
bring about a shift in relative potentials in the two electrodes. 

Actual voltage of an electrode will vary with the type of ele 
trode, alloying metals in the electrode, type of solution, and th 
concentration and temperature of the solution. 


The electromotive (or electrochemical) series table should be 
used cautiously. Electrode potentials obtained in practice are n 
always the same as standard potentials and erroneous conclu- 
sions can be drawn and costly mistakes made by rigid applic::- 
tions of the standard electrode potentials when conditions are 
other than standard. 


For a given corrosive medium, it is possible to establish a 
series, called a “galvanic series,” in which various metals are 
ranked according to their potentials in that medium. 


One reason for not stringently applying the standard electrode 
potentials is that the potential difference between two metals is 
merely an indication of an initial tendency toward corrosion. 
The actual! rate of corrosion is determined by 1) the magnitude 
of the current flowing, and 2) the electrochemical equivalent of 
the anodic metal. The current is determined by the potential 
difference and the total resistance of the circuit. 


Severity of the corrosion depends upon total current flow and 
the area in which anodic current is concentrated. Steel and iron. 
for example, are anodic to copper and brass. A brass valve in an 
iron pipe will not greatly damage the pipe, due to the relativel, 
large area of the anode. An iron valve in a copper line, however. 
would be destroyed rapidly, especially in a sufficiently con- 
ductive electrolyte. 


The value of the electromotive (electrochemical) series table 
is that it can serve as a guide to corrosion engineers who under- 
stand the full significance of the table, and they can use this 
knowledge in designing and planning installations in which cor- 
rosion is kept to a minimum. 


Galvanic Series of Metals and Alloys 


Metals grouped together have no strong tendency to produce 
galvanic corrosion on each other and are relatively safe to use in 
contact with each other. Coupling of two metals from different 
groups and far apart from each other in the series will result in 
accelerated, or galvanic, corrosion of the higher metal in the lis‘. 
The greater the distance between the two metals in the list, the 
ercater will be the tendency to corrode. Because every corrosive 
condition is different, it is not practical to tabulate voltage values 
for combinations of metals. Galvanic effect is actually deter- 
mined by quantity of current generated (measured in amperes 
or milliamperes) rather than potential difference measured in 
volts or millivolts. 
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MAGNESIUM ANODE 

@ BACKFILL MATERIAL 
FIG. 1. Cathodic protection with single 
anode installation. 





PIPE CATHODICALLY_1~ 
PROTECTED 


FIG. 2. Cathodic protection with single 
rectifier and ground bed (anode). 


AC PRIMARY (HIGH VOLTAGE) 


FIG. 3. Cathodic protection with distri- 
buted rectifiers with single ground beds. 








Corrosion Control Methods 


THE most common means of corrosion protection are coat- 
ings, extra pipe wall thickness, cathodic protection, and a 
combination of any two or all of these methods. 

When a new line is laid today, all of these methods of cor- 
rosion protection are available and a choice of methods of 
corrosion control is usually based on economic factors. 

The use of extra pipe wall thickness is rapidly decreasing 
because other means of corrosion control are now generally 
more economical. This is easily understood considering that 
the cost of pipe is based primarily upon its weight. Wall 
thickness is now usually determined by the design pressure of 
the line and little, if any, wall thickness is added to compen- 
sate for corrosive action of the soil. 

There are many pipe coatings available today, and all are 
manufactured in accordance with high standards. These coat- 
ings* are actually used to insulate the pipe from the soil. It is 
practically impossible to lay a pipe line so that no holidays 
exist in the coating after the line is backfilled. A holiday-free 
coating can be obtained by using certain types of detectors 
to go over the backfilled line, locating all holidays, then dig- 
ging the line up to patch the coating. After this has been 
done, perhaps several times, it is possible that a line could be 
checked and found to be free of holidays. Such rigid coating 
requirements are uneconomical. Seasonal changes in the 
condition of the soils cause high stresses to be exerted upon 
coatings, which in time distort and weaken them materially. 

Thus, a coating with absolutely no holidays immediately 
after construction, may in time contain a large number of 
holidays. If pipe passes through corrosive soil, leaks will 
probably occur in these holidays within a very short time be- 
cause the corrosive action is concentrated in very small areas. 

A satisfactory, economical and most effective method of 
corrosion protection is to properly apply a good coating with 
suitable reinforcing wrappers, and then apply cathodic pro- 
tection. Good quality coating, properly applied and carefully 
handled during installation and backfill, will keep to a min- 
imu:n the number of holidays existing on the completed line. 
Tota! current requirements on such lines for cathodic protec- 
tion are almost negligible. Cathodic protection costs are 
usualy proportional to current requirements and the cost of 
applying cathodic protection to a well coated line is small, 
Ofte: less than two percent of the cost of the coating. Apply- 
ing .athodic protection to these lines gives the equivalent 
of a practically perfect coating — if the cathodic protec- 
tion s properly installed and maintained so that it oper- 
ates -ontinuously. 


“The { 


4 lowing section of this handbook — on pipe coatings — discusses them in 
eta 
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Corrosion control on older lines, laid years ago when con- 
struction practices had not been developed, presents an 
entirely different problem. The following methods should 
be considered: 

a. Repair leaks until pipe becomes unsafe to operate, then 

replace 

b. Immediate replacement 

c. Reconditioning 

d. Cathodic protection 

Methods (a) and (d) are most generally used. Replace- 
ment is expensive and is usually delayed as long as possible, 
provided the pipe is safe to operate. Reconditioning is usually 
as expensive as replacement. 

In some cases, the most economical means of corrosion 
control is simply to keep leaks repaired until the pipe becomes 
unsafe to operate, then replace the unsafe sections. This is 
often true of small lines operating at low pressures. Once re- 
placement is made, however, the problem of protecting the 
replaced sections becomes that of protecting new pipe, and 
selection of a corrosion control method should be made on 
that basis. 

The use of cathodic protection has increased enormously 
during the past 10 to 15 years. Its effectiveness has been well 
demonstrated over long periods by many applications. Sav- 
ings effected by its application include: 

a. Reduction of public hazards incident to free gas 

b. Reduction of utility insurance premium for public lia- 
bility and property damage protection 
Cost of pipe leak location work and subsequent pipe 
repair 
d. Damages 
e. Loss of good will 
tf. Loss of revenue 


Q 


Chief advantages of cathodic protection are the reduction 
of gas leakage and the public hazard incident thereto, and 
the prolongation of the service life of the pipe. 

Pipe coating is one of the most effective components of 
corrosion control. It should be selected on a basis of proven 
quality and performance. The most important requirements 
for a good underground pipe coating are low moisture ab- 
sorption (less than 2 of 1 percent) and good resistance to 
hydrocarbons and soil stresses. Pipe coating should be dis- 
t “bed as little as possible when repairing pipe. When dam- 
age io the coating cannot be avoided, it should be carefully 
replaced with the same type of coating or one having a 
similar composition. 

To be effective, cathodic protection must be applied con- 
tinuously. Experience has shown that cathodic protection 
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units must be kept in operation at least 90 percent of the 
time, and the closer this figure approaches 100 percent, the 
more effective will be the results. 


Types of Cathodic Protection Equipment 


Several types of cathodic protection installations are cur- 
rently in use. 
The common types are: 
a. Galvanic anodes (Magnesium or zinc bars) 
b. Rectifier units 
1. Isolated rectifier units 
2. Distributed rectifier system. 


Galvanic Anodes 

A magnesium (or zinc) bar buried with a special backfill 
in a hole near the line, with a small copper wire connecting 
the bar to the pipe, is the simplest type of cathodic protec- 
tion installation. It is called a galvanic anode because the 
current comes from a “galvanic” or chemical reaction be- 
tween the magnesium and the soil, just as current from a 
dry battery is generated by reaction of the zinc can with the 
chemical in the battery. 

In a dry battery no current flows until a circuit is provided 
by connecting a wire or other conductor between the carbon 
pole and the zinc pole. Similarly, no current flows from the 
magnesium bar until a return path is provided by connecting 
the wire from the pipe to the bar. When so connected, 
current flows from the bar into the soil, is picked up on the 
pipe, and returns through the metal pipe and the connecting 
wire to the anode. Cathodic protection is received on the pipe 
where current is picked up from the soil. Several bars are 
generally installed in a group to produce more current than 
could be obtained from a single bar. By varying the spacing 
between the bars, the amount of current obtained can be 
controlled. It is important, when installing galvanic anodes, 
that they be properly spaced. 


Rectifier Units 

Rectifier type installations consist of equipment for con- 
verting power purchased from a commercial power company 
(usually 115-v a-c) into low voltage direct current required 
for cathodic protection. The positive ( + ) terminal of the 
rectifier is connected to a ground bed and the negative (—) 
terminal to the pipe. When the rectifier is turned on, it forces 
current through the ground bed into the earth, where it 
spreads out and is picked up on the pipe and is returned to 
the rectifier through the negative connection. 


Selecting Proper Equipment 

When the corrosion situation on a system is such that 
cathodic protection is needed, several factors must be con- 
sidered. One of these is suitability of the equipment relative 
to operating field conditions. Proximity and location of for- 
eign-owned underground metal structures with respect to the 
line to be protected are also very important. Unless an op- 
erator gives careful and cautious consideration to this factor, 
he may create adverse corrosion conditions for the foreign 
pipeline operator. He has a moral as well as a legal respon- 
sibility to plan and install his pipe protection in such a 
manner that it will not be detrimental to foreign structures 
due to the effects of “stray” protection current. Thus, 
selection of location for the installation of pipe protection 
facilities may be as important as the selection of proper 
equipment. 

What is the best kind of equipment for cathodic protec- 
tion? Any equipment or type of cathodic protection instal- 
lation will be as effective as any other type if it delivers 
sufficient current, is continuous in operation, and applies 
the current to the pipe where it is needed. There may be a 
considerable difference in cost, however. 

One ampere, applied to a pipeline, provides the same 
amount of protection regardless of where the current comes 
from. It makes no difference how many volts are required to 
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push the current through the circuit. For example, a rectificr 
with a poor ground bed might be set at 4-v to push or: 
ampere through the ground bed, into the earth and to the 
pipe. With a good bed, only 12 -v at the rectifier might pusi 
one ampere through the circuit. The line receives the same 
protection in either case, although power costs would le 
higher in the first case. 

An important step in selecting cathodic protection equi))- 
ment at a new location is to estimate as accurately as pos- 
sible how much current will be required to protect the 
section under consideration. Often it is necessary to rely 
On past experience, using records of units previously in- 
stalled, to make an estimate of current requirements. 

Three factors influence how much current a pipeline will 
require for protection: 

a. Type and condition of pipe coating 

b. Area of pipe 

c. Environment. 

Bare pipe can be completely protected but a heavy current 
is required (30 to 80 amp per mile of pipe depending on 
diameter and environment). A well coated, new line usually 
takes only a fraction of an ampere per mile, even with large 
diameter pipe. Over a period of time, as the coating de- 
teriorates, more current is required for protection. Even a 
poor coating, by present day standards, has been found to 
reduce current requirements considerably. 

The second factor is fairly obvious. The larger the pipe 
diameter, or the longer the section to be protected, the 
higher the current requirement will be. 

The third factor, environment, probably affects current 
requirements less than the first two factors, but soil type, 
drainage, type of backfill, proximity to other metallic struc- 
tures, and other environment factors must be considered. 


Equipment for Protecting New Pipe 

New pipe with a good coating presents no appreciable 
problem from a cathodic protection standpoint. A relatively 
small current will protect several miles and a good coating 
causes the current to spread out effectively, so that the cur- 
rent source can be located almost anywhere along the line 
with equal results. Galvanic anodes weighing about 17 lb 
per bar generally produce about 0.1-amp each and last about 
10 years with practically no maintenance. They cost from 
$12 to $25 each installed, depending on local conditions. 
New pipe can thus be protected for an estimated 10 years 
with a total outlay of some $50 to $150 per mile. Whether 
magnesium or zinc is selected depends on local conditions. 
Zinc is very effective in low resistant soils. Being lower in 
the electrochemical series than magnesium it has a lower 
driving potential, an advantage when the pipe to be pro- 
tected has a low initial pipe-to-soil potential, since it auto- 
matically prevents excess current being expended to build 
up pipe-to-soil potentials in excess of requirements. On the 
other hand, this low driving potential is a disadvantage in 
high resistant soil, as it limits the output obtainable. The high 
driving potential of magnesium makes it very desirable for 
use in high resistant soils and applications where initial pipe- 
to-soil potentials are high. 

If commercial power is available at some convenient 
point, a single small rectifier might be installed instead of 
galvanic anodes. More flexible output adjustment is obtain- 
able with the rectifier, and if soil resistance is high, the 
necessary higher driving potential can be easily obtained. 
Initial cost of a small rectifier installation should be between 
$200 and $500 with an annual operating cost of $100 to 
$200. It can be expected to protect 10 miles or more new 
pipe, depending on quality of coating and environment. 


Protecting Bare or Poorly Coated Pipe 


Large diameter bare or poorly coated pipe may require 
30 to 80 amp per mile for protection. Current does not 
spread out readily on such a line and less total current will 
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be required if current is applied at many points along the 
line as can be done with a distributed rectifier system or 
with galvanic anodes well distributed along the line. If the 
average current requirement for such a pipeline were 60 
amp per mile, approximately 600 galvanic anodes would be 
required per mile. At $12 to $25 each, initial cost is relatively 
expensive even if the full 10 years life can be realized 
from the anodes. 


Hot Spot Protection 


Bare pipe will always corrode much more rapidly in cer- 
tain sections than in others. Since it is rarely economical to 
place a bare line under complete cathodic protection, it be- 
comes necessary to locate the “hot spots” in order to place 
the protection where it will do the most good. This protec- 
tion, when properly applied to the “hot spot” areas, may 
be expected to prevent up to 90% of the leaks, at a cost of 
approximately 15% of that of complete protection. 

Hot spots can be located by two methods. The first (and 
most reliable) is a soil resistivity survey. Most convenient 
method for making a survey of this type is by means of a 
single rod apparatus, which consists of a steel rod with a 
metal tip insulated from the rod proper, and a small battery 
powered alternating current bridge, using a pair of head- 
phones to indicate balance. This apparatus is sometimes 
referred to as a “Sheppard’s Cane.” 

When making the survey, readings should be taken near 
pipe depth and at intervals ranging from as little as 10 ft 
to as great as 200 ft. It is important to catch any significant 
changes. Visual inspection of the terrain usually will help 
to make sure that none are missed. 

The values of soil resistivity obtained can be plotted on 
semilogarithmic paper as a resistivity profile of the line. The 
reason for using semilog paper is because percentage com- 
parisons are the important consideration. Sudden dips in the 
resistivity profile indicate areas that require further investi- 
gation and probable protection. 

Values of resistivity are an indication of the corrosivity 
of the soil. The following rules may be used for guidance: 

|. Values below 1000 ohm/cm. are almost always cor- 
rosive except when they are relatively short sections lying 
between areas of still lower value, or when they comprise the 
highest values in a long section of line. 

2. Values above 10,000 ohm/cm. are almost never cor- 
rosive; sometimes a short section of such soil will be some- 
what corrosive when sections on either side have much 
higher values. Local cell action may also be a problem in 
these areas. 

3. Values between 1000 and 10,000 ohm/cm. must be 
interpreted by comparison with immediately adjacent sec- 
tions. The low areas will be the corrosive sections. 
Pipe-to-Soil Potential Method 

The second method of locating “hot spots” is by means 
of a pipe-to-soil potential survey. Due to the fact that cor- 
rosion takes place when electrical currents leave the pipe 
at the anodic areas and return to it at cathodic areas, it is 
possible to detect these areas by means of a change in the 
potential drop through the soil. It is convenient to refer 
all soil potentials to that of the pipe itself because even 
quite large currents can produce relatively small potential 
differences in the metal compared to that through the soil. 

Readings are taken using a potentiometer voltmeter com- 
bination, along with a copper-copper sulfate half cell as 
teference electrode. Readings are taken at the surface of the 
ground and directly above the pipe for the basic plot of the 
Pipe to soil potential profile. In locating the anodic and ca- 
thod c sections, it may be of value to remember that — at 
the «node — the highest reading is directly over the pipe 
with lower readings on either side. At the cathode, the re- 
Verse is true, but the change in readings is not as great. 


This type of survey is easier to make and can be made 
rapidly. If a trouble spot is located, it can be defined by a 
few additional readings. A distance of 100 ft between read- 
ings on coated lines and 50 ft on bare lines seems to be a 
good spacing for the initial survey work. 

When the “hot spots” have been located along a bare line, 
current drainage of 2 milliamps per sq ft of pipe area to be 
protected should be provided. The amount of pipe of vari- 
ous sizes that can be protected by various size anodes is 
as follows: 

Spacing in feet for anode weights 

Nominal Pipe 


Size (in.) 9 Ib 17 Ib 32 Ib 50 Ib 
4 22 4] 78 121 
6 15 28 53 82 
8 11 21 40 63 
10 9 17 32 50 
12 8 14 27 43 


These figures are based on 50% anode efficiency, 2 ma. 
per sq ft, and a 10-year anode life. If the conditions are 
such that the current output is higher than the 10-year 
rating, the anodes will protect a longer section of pipe for a 
shorter period of time and if the current output is less the 
anode lasts longer but protects a shorter section of pipe. 

The normal 10-year-life ratings and the soil resistivities 
in which they are expected are: 


Current for Soil 
10-Year Resistivity 
Anode Size Life (ma.) (ohm/cm.) 
9 51 3200 
17 97 1900 
32 183 1050 
50 285 720 


The tables above apply to one set of conditions, which are 
2a 50% anode efficiency, isolated anodes, and 10-ft sepa- 
ration between pipe and anode. Higher efficiencies (which 
are commonly realized) will result in longer anode life. 
Grouping of anodes rather than single installations tends to 
restrict current flow. Placing anodes closer to the pipe in- 
creases current flow. However, most of the increased current 
will flow to the pipe in the immediate vicinity of the anode 
and as a result sections between anodes may not receive 
adequate protection. 


General Procedure for Locating Hot Spots 
1. Determine importance of facility to overall company 
operations. 
2. Study line history (leak reports, sections replaced, bell- 
hole inspection reports). 
3. Complete corrosion survey: 

a. Soil resistivity test on right-of-way. 

b. A pH measurement of water and stream crossings, 
swamps, and marshes. 

c. Pipe-to-soil potential survey. (Frequency of the 
soil resistance tests and P/S readings should range 
from 10 ft to 400 ft depending upon accuracy 
desired. ) 

d. Side drain measurements at predetermined inter- 
vals or at high potential areas. 

e. Test hole inspection of hot spots. 

4. Correlation of information: 

a. Line history 

b. Bellhole examination of pipe 

c. Thickness of pipe 

d. Pressure involved 


General Frocedure for Hoi Spot Protection 
Apply magnesium anodes or magnesium ribbon 
Apply impressed current via rectifier and ground beds 
Electrolysis drain (stray currents) 

Apply coatings 

Bond to foreign lines. 


a mh WN = 
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[he cost of pipe protection represents 
a sizable figure in the total installation 
cost of pipe. Value of the protective 
coating as a barrier between the metal 
and the environment is only equal to 
the materials used, the method of ap- 
plication, and the final inspection of the 
finished job. 

Because of the value of the coating it 
would be expected that the company 
installing the line would use every pre- 
caution to see that the line is installed 
properly. This, however, is not the case. 
Many installations are completed with- 
out any or with very poor inspection 
with the result that the line would prob- 
ably have lasted longer if it had been 
installed bare. 

Some of the poor jobs can be traced 
to the lack of knowledge of the proper 
type of coating to be used, poor control 
of coating temperature, poor pipe 
cleaning operation, applying the coat- 
ing over dead primer, improper appli- 
cation of tape or wrong tension, careless 
handling of the coated pipe after be- 
ing coated or during lowering in and 
backfilling operation. 

In recent years, manufacturers of 
coating materials have so improved 
their products that coatings can, in ef- 
fect, be tailor-made for specific appli- 
cations. 

Coatings for underground applica- 
tions may be divided into several gen- 
eral classifications: 

1. Bituminous 

a. Coal tar (distilled from coal). 

b. Coal tar plus epoxy resin. 

c. Asphalt (distilled from oil). 

d. Asphalt. (from natural asphalt 
beds). 

2. Waxes and greases 

a. Heavy consistency grease (dis- 
tilled from oil). 
b. Wax (distilled from oils). 
3. Plastic tapes 
a. Polyethylene—normal density. 
b. Polyethylene — high density. 
c. Polyvinyl chloride. 
d. Polyesters. 
4. Extruded plastic coatings 
(Mill applied, extruded onto pipe) 

5. Epoxy resins. 

(Powder form, spray-applied to pre- 
heated pipe). 


Testing of Coatings 

So that coatings from different manu- 
facturers having similar characteristics 
may be held within certain limits a 
series of tests have been developed. A 
brief resume of the various terms and 
what they mean will be given. 

Melting Point. When heat is applied 
to pitches and asphalts and enamels 
made from them, the material does not 
pass suddenly from a solid state to a 
liquid state. A gradual softening of the 
pitches takes place as the temperature 
is increased becoming fluid only after 
passing through several stages of grad- 
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Guide To Protective Coatings For Pipe 


ually increasing softness. The melting 
or softening point in both coal tar and 
petroleum industries is used as a gage of 
the consistency or hardness of the 
pitches and certain compositions made 
from them. The following is of import- 
ance in securing a coating for desired 
results. 

1. High melting point bases and low 
filler content offer maximum resist- 
ance to soil stress or pressure de- 
formation. 

2. Low melting point bases and high 
filter content are less resistant to 
slide or sag. 

3. Generally, bases having a high filler 
content are of lower melting point 
and are not highly resistant to soil 
stress or pressure deformation. 

4. In a given melting point range the 
compounds having a lower filler 
content can be applied at lower 
temperatures and are not subject to 
large evaporation loss. In contrast 
the higher filler content compounds 
may suffer a greater loss by evapora- 
tion. 

Flowability. This can be stated as the 
application temperature required to 
secure a good flow and a given thick- 
ness of coating. 

In field application the temperature 
of the agitated enamel is watched care- 
fully and the thickness of the applied 
coating checked with a pit depth gage 
to make sure that a coating thickness 
of 2/32-in. or 3/32-in. is secured. The 
atmospheric temperature will control 
to a great extent the application tem- 
perature of the enamel. This condition 
will affect practically all enamels and 
can only be checked by the pit depth 
gage where the temperature varies dur- 
ing the application period. 

Evaporation Loss. Most enamels 
contain volatile liquids that will evapo- 
rate from the enamels if the heat is held 
to a high level for a considerable period 
of time. If the coating is held at a tem- 
perature above that recommended by 
the manufacturer the flexibility will be 
lost and the enamel will become brittle. 
It must be under continuous agitation 
to prevent coke formation. If this 
should occur the entire batch is gener- 
ally discarded. 

Soil Stress. When pipe is installed in 
the earth and covered with backfill it is 
subject to mechanical forces generated 
by its contact with the bottom of the 
ditch and by expansion and contrac- 
tion of the soil as it passes through 
wet and dry stages. The metal is of suf- 
ficient strength to resist such mechani- 
cal stresses under ordinary conditions. 
The materials used to protect the pipe 
from corrosion do not have this 
strength so the soil will act upon them. 
To prevent excessive damage a wrapper 
is applied over the enamel and bonded 
to the enamel. In so doing it is often 
possible to eliminate the damage caused 





by soil stress. The addition of the wra)- 
per also reduces damage caused >y 
abrasion and reduces the penetration of 
small stones that are in the bottom of 
the ditch. 

Water Absorption. It is generally 
conceded that corrosion of under- 
ground pipe would not exist if mois- 
ture is prevented from contacting the 
metal. If the coating waterproofs the 
pipe it also prevents contact of the 
metal with its environment which may 
contain acids, alkali and other con- 
taminants that adversely affect metal. 

Ash and Filler Content. The mineral 
content of most pipe line enamels re- 
sults from the intentional addition of 
minerals of various kinds during the 
manufacturing process. The ash or 
filler content of itself is of little signi- 
ficance until correlated with other data. 

Slide or Sagging Tendencies. In con- 
struction work it is sometimes neces- 
sary to allow the coated pipe to remain 
on top of the ground for a period of 
time before installation. During this 
time the pipe is exposed to the heat of 
the sun and to atmospheric tempera- 
tures that may approximate the melt- 
ing or softening point of the tar. When 
such a condition exists the coating will 
tend to slide or sag, reducing the thick- 
ness of the coating on the top of the 
pipe to such an extent that its value 
as a protective coating is greatly depre- 
ciated. In selecting an enamel this con- 
dition must be taken into consideration. 


Primers 

Primer will not stick to a dirty, wet 
or rusty surface and for this reason it 
is necessary that the pipe be clean be- 
fore the primer is applied. In some in- 
stances the cleaning may be accom- 
plished by the use of cutters and wire 
brushes. In others where the pipe has 
a heavier rust film it may be necessary 
to sand or grit blast the metal surface 
before the primer is applied. 

A good bond cannot be secured if 
the coating is applied over a primer 
that has been applied over mill oil or 
lacquer, it has been found that a good 
bond is not secured. In fact, during 
warm weather it is sometimes possible 
to roll the coating off the pipe when 
it has been applied over the mill oil. 

Primers will gradually lose their yola- 
tile liquids after they have been applied 
to a metal surface for a period of time 
because of evaporation. The primer 1s 
said to be dead when this occurs and 
if enamel is applied over a dead prime! 
it will not bond. The period of ‘ime 
after application before the primer be- 
comes dead depends upon the heat and 
humidity of the air. The best test tor 4 
dead primer is to see if it will flak: off 
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when the fingernail is scraped over it. 
When this occurs the cleaning machine 
is run over the pipe and it is again 
primed. 


Coating Procedures 

Manuals published by the coating 
manufacturers explain the general pro- 
cedure when the pipe is coated either 
in the mill or over the ditch. The fol- 
lowing conditions have been noted dur- 
ing actual procedure and are not in the 
manuals. 

A considerable number of faults are 
picked up by the jeep as soon as the 
coating machine kicks off. These may 
be relatively close together for a hun- 
dred feet or more. Look for: 

Dust. Dust on the primer will cause 
jeeps. 

Moisture. Most, if not all, primers 
contain a small amount of moisture. 
When the percentage exceeds | to 2 
per cent it will cause a considerable 
number of jeeps. This condition will 
continue as long as the primer is used. 
The faults look like craters with the 
bare metal exposed at the bottom. The 
pits are most frequent on the top and 
side of the pipe close to the top where 
the enamel is at its highest temperature. 
The remedy is to secure new primer. 

Coke. When a coating machine is 
made ready for use it is customary to 
heat all the parts with a high tempera- 
ture torch. During this operation the 
material from the last operation may 
change to coke. This will flow with the 
coating when the machine is put into 
operation. Particles of coke will cause 
the coating to jeep. If it does not clear in 
a short time check the kettles to make 
sure the coating has not formed into 
coke. Never depend upon the ther- 
mometers in the coating kettle. Check 
with a portable thermometer. 

Mechanical Faults. When the coating 
machine is put into operation some 
parts of it may rub the pipe causing the 
enamel to be either too thin or be re- 
moved. This can be checked by watch- 
ing the machine. In flood coating types 
the iron is often found to rub. This is 
apparent when the faults occur on 
either up or down grades. 

Solvent Faults. As the coating runs 
to the coating machine from the kettles 
it is giving off fumes. This is some of 
the volatile liquids evaporating because 
of the heat. This solvent will gather on 
the frame of the coating machine and 
drop off on the coated pipe. When the 
jeep passes over these spots they will 
show a fault in the coating. The remedy 
for this condition is to keep the ma- 
chine clean. 


Faults Covered by Wrappers 

Asbestos felts as used for pipe line 
wrappers will absorb a certain amount 
of moisture. If the moisture content be- 
comes too high it will cause a steam 
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to form when hot enamel comes into 
contact with it. When the steam is 
trapped under the wrapper it will cause 
a blister which will blow the enamel 
from the pipe surface. At times this 
can be observed by wisps of steam 
given off at the wrapper surface. The 
remedy for this is preventive. Keep the 
felt in a good storage room with a 
good roof and keep the felt from con- 
tacting the dirt or cement floor. If it 
becomes too bad the felt will have to 
be discarded. 

If the material used to saturate the 
felt contains too much naphthalene, the 
naphthalene will tend to form on the 
surface of the felt in the form of white 
crystals. The naphthalene crystals will 
evaporate when the heated enamels 
contact them and form a gas that may 
affect the enamel in a manner similar 
to steam. It may also cause a sufficient 
loss of solvents to cause the saturating 
material to become brittle causing the 
felt to break readily when being used. 


Mill Coated Pipe 

When hot enamels or waxes are ap- 
plied at a coating mill the conditions 
under which they are applied are much 
more favorable than over the ditch or 
yard applications. Moisture and dust on 
the pipe to be coated is seldom if ever 
encountered. Asbestos felt wrappers 
used over the coatings are stored under 
conditions that preclude an excess of 
moisture being absorbed. Even though 
these conditions do not exist, faults in 
the coating will occur making it neces- 
sary for the applicators to test the coated 
pipe with high voltage electricity to 
expose the faults. Because a paper is 
used as a packaging material for the 
pipe it is customary to use a higher 
test voltage than would be used for an 
over the ditch coating. This is because 
the dielectric of the paper is added to 
that of the enamel and the felt. 

Most difficulties encountered with 
mill coated pipe occur during the un- 
loading, stringing and bending opera- 
tions. Protection of the pipe at the 
welds often presents a considerable 
problem. Hot enamel, rubber tapes, 
and plastic tapes are used for joint pro- 
tection. 


Grease Coatings 

Chief constituent of a grease type 
coating material is petrolatum obtained 
from the residue of the distillation of 
paraffin base crude oils. The consist- 
ency of the grease is controlled by the 
distillation process or by the addition 
of mineral fillers. 

Some greases can be applied as a 
cold coating during warm weather but 
must be heated when weather becomes 
cold. Grease coatings are sometimes 
applied over rusty metal but if a good 
coating application is desired the pipe 
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should be cleaned of all dirt and rust. 
Grease coatings should never be in- 
stalled in a dry soil unless a wrapper 
is applied to prevent the soil from cca- 
tacting the grease. Where this is rot 
done the grease becomes diffused into 
the soil by osmosis with the result that 
no coating remains on the pipe. In so:me 
soils or waters there may be a tendency 
of the material to saponify. The elcc- 
trical resistance of a grease type cout- 
ing is low even if a wrapper is used 


Wax Coatings 

Base materials for wax type coatings 
are obtained from the distillation of 
paraffin base crude oils. The melting 
point is in the same range as asphalts 
and coal tar pitches. 

Waxes are applied to the pipe at the 
coating mill and over the ditch by the 
travel liners. Wrappers are used in con- 
junction with this coating. They include 
plastic tapes and a form of tobacco 
cloth with an acetate backing. Asbestos 
felts are also used, in which case they 
are not saturated with either asphalt 
or coal tar cut backs. The wrappers 
are bonded to the wax during the appli- 
cation procedure and the entire coating 
is tested with high voltage electricity 
in a manner similar to that used for 
hot applied asphalts or tars. The poten- 
tials used are of the same value as used 
with other types of coatings. 


Plastic Tapes 

Plastic tapes have only recently come 
into wide use as protective coatings for 
underground and overhead piping al- 
though they have been used for a con- 
siderable period of time in the electri- 
cal industry. Base materials for the plas- 
tics used in the tape are natural prod- 
ucts processed through chemical plants. 
The virgin plastics materials are calen- 
dared into a film and during the proc- 
ess a pressure sensitive adhesive is ap- 
plied to one side of the film. 

All plastic tapes for wrapping un- 
derground pipe fall into two general 
categories. In the first, the backing is 
classified as a primary functional preo- 
tective wrap and the adhesive selected 
serves merely as a means of applying 
this functional wrap to the pipe. The 
second approach is to use the adhesive 
mass as a primary protective coating 
and to consider the backing merely as 
a Carrier or protective shield. 

Various thicknesses of backing and 
adhesive and selection of their compo- 
sition all relate in either case to the 
approach used. There can be combina- 
tions of two approaches. 

Film Thicknesses. PVC (polyviny! 
chloride) tapes are normally supplied 
in two thicknesses. The 10-mil tape in- 
cludes an 8-mil PVC film plus adhesive 
thickness of 2 mils. The 20-mil tape 
includes a 16-mil thickness PVC ‘lm 
plus a 4-mil adhesive thickness. P»ly- 
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ethylene tapes are supplied in several 
thicknesses—a 12-mil tape (adhesive 
thickness of 4 mils plus an 8-mil film). 
a 14-mil tape (4-mil adhesive plus 10- 
mi! film), and two types of 20-mil tape 
(one has 4-mil adhesive plus 16-mil 
film, the other has 5-mil adhesive plus 
|5-mil film). 

\dditional thickness of the adhesive 
film is important and desirable where 
the surface to which the tape is being 
applied is rough. The extra thickness 
permits the adhesive to extend to the 
bottom of the rough area, thus secur- 
ing stronger bond. 

When a plastic tape with a pressure 
sensitive adhesive is applied to pipe, the 
metal surface should be free of rust, 
dirt, dust, and mill scale. For this rea- 
son, it is good practice to apply a 
primer to the metal surface just prior 
to tape application. 

For protection against abrasion, an 
additional wrapper can be applied over 
the plastic tape. Tar or asphalt satur- 
ated asbestos felt wrappers may be 
used for this purpose. They are not 
bonded to the tape and act only as an 
abrasion resistant wrapper. 

Coal Tar Tapes 

Coal tar tapes have been used for 

protective coatings for over 20 years. 


Developed initially for protectively 
wrapping and coating welded field 


joints, they have found many other 
applications. 

Both hot-applied and cold-applied 
tapes are available. Hot-applied tapes 
require use of a torch to heat the under- 
side of the coating immediately prior 
to wrapping. Cold-applied tapes are 
wrapped directly over primed surfaces. 

The coal tar tapes generally consist 
of a layer specified thickness of coal 
tar pitch applied to a coal tar saturated 
fabric, plus a somewhat thinner coal 
tar coating on top, with a separator 
(paper or plastic film) on top of the 
outer layer. Newer types of coal tar 
tapes include refinements in the coating 
for a wider range of applications and 
use of a special plastic film that serves 
as both separator and outer wrap for 
protection against abrasion. 


Extruded Plastic Coatings 

One of the newest applications of 
plastics materials to pipe protection is 
the extruded polyethylene coating, ap- 
plied at the mill to small diameter pipe. 
The coatings are a special high mole- 
cular weight polyethylene extruded 
Over a rubber-based adhesive com- 
pound that holds the coating to the 
pipe The coating is cut back at the 
ends to permit welding and joints are 
Wraroed with pressure sensitive tapes. 


Epoxy Coatings 


_ A new coating recently introduced 
IS aN epoxy resin with a complex cata- 








lyst and pigment that is supplied as a 
single component in powdered form. 
This coating is applied to preheated 
pipe. Catalytic or hardening action is 
speeded by the heat and the coating is 
said to become hard in less than a 
minute. Best results are obtained by 
mill or coating yard application. 

Another new coating, known as bu- 
toxy resin, is currently undergoing 
tests. The coating is applied as a liquid 
to the pipe by spraying. A ring burner 
following the spray heads maintains 
a temperature of about 500 F on the 
coated pipe surface ior a few seconds 
to speed curing of the coating. 

A combination coal tar pitch-epoxy 
resin coating has been available for sev- 
eral years. The coating, a combination 
of coal tar pitch with an epoxy resin 
and catalyst, provides a hard coating 
with excellent adhesion that retains 
good working flexibility. No wrappers 
are needed with this coating. The two 
component system is best applied at the 
mill, using heated pipe for fast curing. 


Reinforcing Materials 

In this classification fall the various 
materials used to reinforce hot applied 
coatings by becoming an integral part 
of the coating or a wrapper that is 
bonded to the enamel so that a greater 
resistance to sag and penetration is 
secured. In the latter case they also act 
as a shield against backfill. 


Asbestos Wrappers 

The general term for wrappers of 
this type is asbestos felt. They are com- 
posed of a mixture of asbestos and rag 
combined together with a binder and 
saturated with either an asphalt or tar 
cutback. The rag content of the felt 
wrapper will vary between 10 to 25% 
while the asbestos will be either long 
or short fiber type. There is a tendency 
for this wrapper to pick up moisture 
if not stored under proper conditions. 

The wrapper is applied directly over 
the hot enamel as it is flooded or 
sprayed on the pipe. In this manner 
it becomes tightly bonded to the ena- 
mel. Tension of the wrapper should be 
so adjusted that it does not pull through 
the hot enamel and come in contact 
with the metal surface. This can be 
accurately checked by cutting out a 
section of the coating at the lap in the 
wrapper and making a physical exami- 
nation. It is often indicated by the size 
at the bead formed at the lap in the 
wrapper. If the bead is of considerable 
size, the felt has been pulled in too 
tight squeezing the enamel out at the 
lap. Excessive tearing of the felt during 
the application will indicate too much 
tension or it may be caused by evapora- 
tion of the volatile liquids out of the 
cutback used to saturate the felt. 

Ordinarily a 15-lb felt wrapper is 
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used as an outerwrap with hot enamels. 
In the last few years a wrapper having 
a weight of only eight pounds has 
been developed. To keep this wrapper 
from tearing excessively it has been 
reinforced by the use of glass threads 
running parallel with the wrapper. 

Care should be used to secure the 
right wrapper for the enamel that is to 
be applied. Thus, if a coal tar enamel 
is to be used the wrapper should be sat- 
urated with a coal tar cutback and 
when an asphalt enamel is to be used a 
wrapper saturated with an asphalt cut- 
back should be used. 


Glass Outer Wrap 

Glass outer wrap is a thick film of 
glass fibers saturated with a composi- 
tion of tar and asphalt cutback. It is 
applied in the same manner as asbestos 
felt over the hot enamel coating. 


Paper Outerwrap 

When pipe is coated at a coating mill 
a paper outerwrap is applied over the 
felt wrapper to protect it during ship- 
ment and handling. On some over-the- 
ditch jobs it has also been used. In this 
case it is probably used to resist the 
damage caused by backfill. Paper has 
a relatively short life when it is in- 
stalled underground because of rot and 
bacteria action. Paper should not be ap- 
plied over and bonded to the enamel. 


Giass Inner Wrap 

Glass in the form of single fila- 
ments laid down in a random form 
and bonded together with some type 
of bonding material is formed into a 
wrapper that is used with hot enamel 
applications. Sufficient tension is ap- 
plied to this wrapper to pull it into the 
enamel but not through the enamel to 
the metal surface. This is said to add 
strength to the enamel and reduce the 
tendency to sag and offer more resist- 
ance to penetration. Care should be 
exercised to make sure that the glass 
filaments are completely saturated with 
hot enamel. Unless this is accomplished 
it is possible for capillary action to 
draw water into the enamel where the 
glass is exposed. 


Rockshield 

This material is made from scraps 
from the manufacture of asbestos roof- 
ing etc., and is formed into sheets of 
different lengths, widths and thickness 
and is used as an additional shield 
around the coated pipe where a con- 
siderable amount of rocks are encoun- 
tered in the backfill or where the pipe 
will be handled roughly because of the 
terrain. Because of its thickness it can- 
not be wrapped around the pipe but is 
installed in the form of sheets that are 
fastened around the pipe with steel 
strappings or by use of glass filament 
tape with an adhesive. xe * 
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Requirements for Wrapping Pipe 
with Kraft Paper, Felt, or Glass Fiber 





Pipe size, in. In squares In 400 ft rolls In 800 ft rolls In 1000 ft rolls In 1200 ft rolls 
Outside 
diameter Lap, Width, Per 1000 Per 1000 Per 1000 Per 1000 Per 1000 
Nominal in. in. in. Per mile ft Per mile ft Per mile ft Per mile ft Per mile ft 

2 2.375 % 4 41.6 7.9 31.2 5.9 15.6 3.0 12.5 2.4 10.4 2.0 
24% 2.875 \% 4 49.5 9.4 37.1 7.0 18.6 3.5 14.8 2.8 12.24 2.3 
3.5 % 4 59.4 11.3 44.5 8.4 22.3 4.2 17.8 3.4 14.8 2.8 

3% 4. % 4 67.3 12.8 50.5 9.6 25.3 4.8 20.2 3.8 16.8 a2 
4 4.5 % 4 q0.2 14.2 56.3 10.7 28.2 5.4 22.5 4.3 18.8 3.6 
4b 5. \% 4 83.2 15.8 62.5 11.8 31.3 5.9 25.0 4.7 20.8 3.9 
4b 5. % 6 80.0 15.2 40.0 7.6 20.0 3.8 16.0 3.0 13.3 2.0 
6 6.625 4 6 105.0 19.9 52.5 10.0 26.3 5.0 21.0 4.0 17.5 3.3 
8 8.625 es i) 132.0 25.0 44.0) 8.3 22.0 4.2 17.6 3.3 14.7 2.8 
s 8.625 34 9 135.3 25.6 45.2 8.6 22.6 4.3 18.1 3.4 15:1 2.9 
10 10.75 es 9 164.0 31.0 54.7 10.4 27.4 5.2 21.9 4.2 18.2 3.5 
10 10.75 34 9 167.5 oL.t 55.8 10.6 27.9 5.3 22.0 4.2 18.6 3.5 
11 11.75 \% 9 179.0 33.9 59.7 11.3 29.9 o.f 23.9 4.5 19.9 3.8 
8 11.75 34 9 183.0 34.7 61.0 11.6 30.5 5.8 24.4 4.6 20.3 3.9 
12 12.75 4 12 190.9 36.2 47.7 9.0 23.9 4.5 19.1 3.6 15.9 3.0 
12 12.75 34 12 194.6 36.9 48.7 9.2 24.4 4.6 19.5 16.2 3.1] 
_ 14. 4 12 209.2 39.6 52.3 9.9 26.2 5.0 21.0 4.0 17.4 3.3 
_ 14. 34 12 213.4 40.4 53.4 10.1 26.7 D.1 21.4 4.1 17.8 3.4 
-- 16. 34 12 243.3 46.1 60.9 11.5 30.5 5.8 24.3 4.6 20.3 38 
_— 16. l 12 247.8 46.9 62.0 11.8 31.0 5.9 24.8 4.7 20.7 3.9 
_— 18. 34 12 272.0 51.5 68.0 12.9 34.0 6.5 21.2 5.2 22.7 4.3 
_ 18. 1 12 278.3 52.7 69.6 is.2 34.8 6.6 4 Oe 5.3 23.2 4.4 
_— 20. ] 18 301.0 57.0 50.2 9.5 20.1 4.8 20.1 3.8 16.7 B Be 





| 
| 
: 
| 


| 
| 
| 





Approximate Quantities Required To 
Coat Pipe with Primer and Enamel 

















Enamels 











Nominal Primers Single coat and wrap Double coat and wrap 
pipe secrete nsec tooth a ctemeameenmen seni 
diameter yal per 1000 ft zal per mile Lb per 1000 ft Tons per mile Lb per 1000 ft Tons per mile 
2 1% 8 540 1.5 = — 
2% 1% 8 680 1.8 en = 
3 2 10 800 2.1 1150 3 
31% 2 10 930 2.5 1300 3.4 
4 2 10 1200 ae 1700 4.5 
6 3 18 1770 4.6 2500 6.5 
8 5 24 2300 6 3200 8.4 
10 6 30 2850 7.5 4000 10.5 
12 7 35 3400 9, 4800 12.5 
14 7.5 39 3700 9.8 5200 13.7 
16 8 44 4300 11.4 6000 15.8 
18 10 50 4800 me | 6700 17.6 
20 11 55 5400 14 7500 20 
Above figures are for new pipe. For old, rough pipe, add approximately 20 percent, depending on condition of pipe. Approximately 5 perce! 


should be added for waste if pipe is rotated and 10 to 15 percent for sling application. 
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Protecting Gas Services Against Corrosion 


Most gas distribution companies today 
use steel pipe for gas service lines and such 
lines, properly protected, will have long 
life. While cathodic protection is one of 
the first considerations given to service 
line design, it is usually the last part of the 
installation. 

fo properly protect steel services, sev- 
eral basic considerations must be under- 
taken: 

1. Service should be isolated elec- 

trically from other unprotected 

structures — such as unprotected 
mains, house piping in contact with 
water piping or any electrical 
grounding system, and _ structural 
metal framework. 

2. Pipe must be adequately coated. 

3. Local dissimilar metal cells should 

be eliminated. 

4. Cathodic protection — using sac- 
rifical anodes or rectifiers—should 
be used to supplement the coating. 

Cathodic protection, it should be noted, 
is the “insurance policy” that provides the 
final measure of protection. Rectifiers, be- 
cause of size, cost, and operating com- 
plexities, are not often used to protect 
service lines. Instead, sacrificial anodes are 
most commonly used to provide the neces- 
sary protection. The accompanying table 
outlines various requirements of cathodic 
protection systems for services using mag- 
nesium anodes. 

Procedures for applying protection 
depends to a large degree on the type of 
main to which the service line is con- 
nected. Points that should be carefully 
checked are outlined in the following 
paragraphs. 


4 


Bare Steel Mains. Services connected to 
bare steel mains should be isolated from 
both the main and the house piping. Steel 
fittings should be used for connecting the 
service to the main. Any convenient place 
on the service line can be used as the 
insulating point. Anodes should be sized 
to adequately protect the line. 


Coated Steel Mains. Services connected 
to coated steel mains are isolated at the 
connection to the main only if the service 
is to be given separate protection. Such 
isolation is advantageous in that it appre- 
ciably reduces the possibility of shorts be- 
tween the main and nearby structures. It 
is disadvantageous in that it requires in- 
Stallation of individual anodes on each 
service line. 

More common practice is joint protec- 
tion of mains and services, which permits 
use of rectifiers instead of anodes, or the 
use of much larger anodes — which are 
more efficient, have higher output, and 
can >e replaced much more easily than 
Would be possible by using many smaller 
anoces, 


Cist Iron Mains, Services connected to 
Cast iron mains should be isolated at the 
outl:i side of the street tee, and isolated at 
the »oint of connection to the meter or 
Met.:-regulator set. The steel service 
shou d be electrically continuous between 
Poin. of isolation, by using compression 
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fittings with armored gaskets or bond 
wires, or by using welded joints. Protection 
is completed by adding a packaged anode 
of proper size. 

Main Connections. Even though one of 
the basic objectives of a planned corrosion 
prevention program is to eliminate dis- 
similar metal cells, this idea is subject to 
deviation by use of the brass tee for con- 
necting services to cast iron main. This is 
a compromise measure. Brass is chosen 
over wrought or malleable iron because 
it is cathodic to the cast iron, and al- 
though the cast iron main is subjected to 
galvanic action, such action is negligible 


because the anode to cathode area ratio 
is heavily in favor of the anodic cast iron. 
Cell action is also reduced by coating the 
brass tee and the main for at least 6-in. on 
each side of the main. In all cases, the 
brass-to-steel connection should be insu- 
lated. 

Insulation. At each residence, a water 
line and a gas line are attached to the 
water heater. To separate the water sys- 
tem from the gas system, an insulator 
must be inserted into the gas line. Where 
gas is metered on the outside of the house, 
insulating meter swivels or insulating 
unions are very effective. 








11 &NE AWN AWN AWN AWS 
Brass street tee 
-Insulating gasket 

















Stop Cock 








SWS 


Apply coating to 
brass tee and. to 
C.I.Main--min. 6-in. 
on each side of tee 
(Do same on alternate) 





[ ALTERNATE CONNECTION TO MAIN | 
/~ Plain end brass street tee 









2-Nut Ell or Coupling 
insulated on main side 
armored on service side 


Sleeve with 
armored easkets 









Protected main 


Sleeve with 






armored easlkets 


Wired 
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Typical Service Connections — Steel Service to Cast Iron Main 


Coated and wrapped pipe 


Insulating adapter 









Armored gaskets on 
compression fittings 
where used ° 











Insulated at Meter orl 
Regulator Assembly 


Insulating union 


all 
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Protected main 








Unprotected main 








Insulating 
sleeve 


Teas and wrapped pipe 
Typical Service Connections — Steel Service to Protected Steel Main 


Coated and wravped pipe 


No test leads 
required 


Insulating adapter 


Maenesium anode 





Insulating union 









x 
No test leads r 


reauired 
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Unyrotected main 








Typical Service Connections — Steel Service to Unprotected Steel Main 


Coated and wrapped pipe 


Magnesium anode 
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MAIN TO CURB BOX RENEWAL | 





Plastic tape 
wrapping on tee 
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# Se Insulating Fittings ~~ 











tw ae 
Lead Gaskets ih d 


CI. 


Copper Tubing 


Wrap exposed end 
_ steel pipe if bare 
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l-lb. Mg. Anode, 
l-ft from pipe 





Main 


| CURB BOX TO BUILDING RENEWAL | 








All services are 
insulated at the 
meter-regulator 
assembly 











y~ Insulating adapter Yy, 








fete | 
oe set 
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Use old steel 
pipe as sleeve 





| MAIN TO BUILDING RENEWAL | 





Plastic tape 
wrapping on tee 





Insulating fitting 


YZ 























sleeve ends 





Lead gaskets _ Copper tubing 


Typical service line renewals using coppe: tubing. 
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INSULATING UNION ; 
INSULATION ON UNION——— 
MUST BE UPSTREAM y 





OUTSTI W 

















BK RISE 
DOUBLE LOCKWING STOPCOCK [qq i 
LOCKWING SEALING DRVICH 


SOR OEE 





Insulating union installation detail. 











ln areas where meters are installed in- 
side homes, usually in basements, the 
problem is more complex. Homeowners 
inadvertently find many ways to render 
an insulating swivel useless; all sorts of 
metallic objects can be found attached to 
or stored on the gas and water lines to 
effectively join them from a conductance 
standpoint. An effective way to counteract 
this is to insulate in the risers on the out- 
side of the house using an insulating union 
as shown in the accompanying illustra- 
tion. 

It is also much easier to check service 
line insulators when they are installed in 
this manner. Unfortunately, insulating de- 
vices many times are damaged upon in- 
stallation because of excessive tightening. 
They can then become conductors. Find- 
ing them can be very tedious work, as one 
shorted insulator will affect cathodic pro- 
tection on several blocks of the gas dis- 
tribution system. 


Points to Check to Insure Protection. 
Here are some items that should be 
checked to make sure that the installed 
line is properly protected: 

i. Be sure that insulating fittings at 
meter-regulator end of service are 
not shorting. 

Check house piping to make sure 

that it does not touch any service 

piping ahead of the meter. Make 
sure householder does not lay metal 
objects across the service line. 

3. Make sure that all connections are 
either definitely insulating or defi- 
nitely electrically continuous. Test 
all insulating fittings before back- 
filling. Use armored gaskets or bond 
wires across compression fittings. 
and make sure pipe is clean for good 
contact. 

. Use native backfill around anodes. 

5. Make sure curb boxes do not touch 
curb cock or main —or, if they 


i) 


CATHODIC PROTECTION CHART 


Magnesium Anode System 





Type of Main 





Insulating Insulating 

to which service fitting at fitting at 

is connected main? meter set? 

Bare Steel Yes Yes 

Coated Steel Yes Yes 

(unprotected ) 

Coated Steel No Yes 

(unprotected ) 

Coated Steel Yes Yes 

(protected ) 

Coated Steel No Yes 

(protected ) 

Cast Iron Yes Yes 
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Size of 
Anode 
Required Remarks 
30r 5-Ib 
3or 5-lb Use if service to be 
protected separately 
9 to 32-lb Use if service and main are 
to be protected together 
Yor §S-lb If separate 
protection desired 
none Joint protection 
3or §S-lb 





must touch, make sure they are in 
sulated from each other. 

6. Check cathodically protected serv- 
ices periodically by taking a pipe-to- 
soil potential reading. 


Service Line Renewals 


In an effort to reduce costs incurred 
in digging up old services and replacing 
them with new lines, many companies 
have turned to renewing leaking stee! 
services by using inserts of copper tub- 
ing or plastic tubing. 

Higher cost of the copper or plastic 
tubing is offset by reduced expense of 
digging trenches and replacing lawns. The 
method is applicable throughout the year 
and is not affected by having to dig 
through frozen soil, as experienced by 
many gas distribution companies in the 
northern states. 


Plastic Insert Renewals. Non-metallic 
and inert by nature, plastic services and 
plastic tubing inserted into old steel serv- 
ices require no protection. About the onl) 
requirement is that the old steel service 
if used as a sleeve—be isolated from the 
main and from the meter set. This is 
usually done by cutting away a section 
of the older steel pipe at each end. 

Copper Renewals. Copper services are 
more corrosion resistant than steel, and 
because of their slower corrosion rate, the 
application of protection is not critical. 

Unintentional protection is given cop- 
per services, however, by the steel or cast 
iron pipe to which they are connected. If 
a service is only partially renewed with 
copper, the remaining steel service line 
will not have a long life. as the copper-to- 
steel cell that is established will hasten the 
corrosion process — which, presumably. 
made necessary the partial renewal. 

For proper protection, all copper used 
in service renewals should be insulated 
from both the steel or cast iron main and 
from the remaining sections of the steel 
service. Lead gaskets or bushings have 
proven useful in this respect, being used 
to seal the ends of the old steel service. 
which is used as a sleeve. The sleeve, in 
turn, becomes anodic for any copper 
exposed to the soil. 

As shown in the accompanying illustra- 
tion, when a partial renewal is made with 
copper tubing, it is usually necessary 10 
protect the remaining steel section with 4 
sacrificial anode, properly sized. y %& * 
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Gas Service Design 





For Residential and Small Commercial Services 


Pressure Ranges 

Although gas is distributed at many dif- 
ferent pressure ranges, most companies 
consider as low pressure any pressure less 
than % psig. In this report, intermediate 
pressure is taken as from 1 to 15 psig and 
high pressure from 15 to 60 psig. A maxi- 
mum pressure of less than 50 psig is pre- 
ferred by most companies while the 
maximum pressure allowed within the 
house is limited to 25 psig by more than 
50% of the companies. 


Pipe Sizing 

Most important problem initially in the 
design of a gas service is selection of the 
pipe size. Many different bases are avail- 
able and used in selecting the proper size. 
Some use a maximum size for all services: 
others make a detailed pressure drop 
calculation for each installation. Here is 
a brief description of the methods fol- 
lowed by a majority of the companies: 

Consideration of connected load, length 
of service, and main pressure are made in 
selecting service pipe size. Generally this 
combination of variables is handled by 
means of selecting an allowable pressure 
drop for a particular main pressure and 
then selecting the pipe size based upon 
length of service and anticipated load. 
which will result in a calculated pressure 
drop of less than the allowable. 

As it is usually the easiest to determine 
the connected load on a gas service, this 
flow is used to size the service pipe. Some 
companies refine the principle by intro- 
ducing a diversity factor based upon the 
assumption that all of the appliances will 
not be in use at the same time. Others 
assume that the service will ultimately 
supply a piece of gas space heating equip- 
ment and size the service for this load even 
if no house heating load is installed at 
present. 

The pressure drop allowed on a gas 
service is primarily a function of the pres- 
sure being carried on the mains during the 
time the mains are supplying the peak 
demand. 

In a low pressure system, operating at 
a nominal main pressure of from 6 to 8 
in. of water column, most companies con- 
sider the maximum allowable pressure 
drop on a gas service to be either 0.3-in. 
or 0.5-in. of water column. 

\n intermediate pressure system oper- 

ating at a main pressure of from 1 to 15 
Psic will generally permit an allowable 
Pressure drop of about % psig. 
‘ligh pressure distribution systems per- 
mi! allowable pressure drops of from 1% 
to * psig. Another method of selecting 
the allowable pressure drop is to specify 
tha’ it be some percentage of the main 
pre. ure during the maximum hour. This 
varies from 10 to 20%. 

'lese various methods are basically to 
be «sed in sizing services that will supply 
lary. loads. Construction practices, avail- 





LOAD IN | LENGTH OF SERVICE IN FEET 

CU FT/HR| 50 [100 150 | 200 250) 300 350400 | 450 500 600 700 | 800 | 9001000 
"a eee oe a 1 ee mere eee OO 
100 
150 
200 
250 
300 
350 
400 
450 
500 
600 
700 

















10,000 














Service Sizing Chart, low pressure. 





LOAD IN LENGTH OF SERVICE IN FEET 
CU FT/HR | 50 100 150 | 200 250 300 350 400 450) 500) 600 | 700| 800 | 9001000 
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Service Sizing Chart, intermediate pressure. 
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FLOW CAPACITY ~ CFH~ $P 6.0.70 FLOW CAPACITY-CFH-TYPE "L" COPPER TUBING- SPG. 0.70 | 
STANDARD STRAIGHT STEEL PIPE 03" H20 05" Hg0 “a 
Et ZO" HO DROP] 1/2 tb. OROP | IIb. OROP 
a 0.3" H20 DROP|7.0"H20 DROP| 1/2 Ib OROP a DROP DROP e re 
“lr [wl ec [wl ow] Feet} 1° lava] i* | ava"] set] i* | watts" | ot fava] ve") 3a 
10 | 270 | 490 | 1270 | 2300 | 880 | 1900 
20 | 240 | 440 | "30 | 200 | 790 | 1650 10 290 | 530 | 384 | 685 | 730 | 1400 | 2550/ 1025 | 1980 | 3600/ 380 | 1460 
xo | 20 | 385 | «0 | 1850 | 700 | 1420 
40 | 0 | 33 | 8 | w00 | © | 12% 20 250 | 455 | 332 | 590 | 630 | i210 |2200| 900 | 1750} 3100} 325 | i250 
so | «2 | 295 | 705 | mao | 540 | 100 
od MBBS. BR. Bee 30 220 | 395 | 287 | 520 | 550 | 1070 | 1900 770 | 1500) 2700/ 285 | l1I00 
70 250 | 660 | 1200 | 460 | 935 | 
= eet oro | aos tn eos 40 | 190 | 345 | 252 475 | 930 | 1650 | 675 | 1310 | 2325] 248 | 950 
=e te {stu | “san tap 50 | 170 | 308| 223 | 400| 480 | 830 | 1480 | 600 | 1160 | 2080] 220 | 865 
= at et ee 60 280 | 205 | 367 | 395 | 760 | 1350 | 545 | 1060] 1900] 200 | 780 
160 as | 750 | 265 | S80 
200 300 | 75 | 270 | 850 7 260 | 190 | 340] 360 | 700 | i250 | 510 | 980 | 1750 | 185 | 725 
250 350 | 639 | 240 | 493 
300 seo | seo | 220 | 4a8 80 244 | 178 | 319 | 340 | 660 | 1160 | 475 | 925 | 1640| 173 | 675 
Steel pipe capacity. 90 230 298 | 320 | 620 | 100 | 447 | 870 | 1550 640 
100 219 282 | 300 | 590 | 1050 | 422 | 815 | 1475 610 
ability of materials, and reduced inventory Cc bi : 
lead many companies to specify certain opper tubing capacity. 
pipe sizes for services. In low pressure 
systems 1'4-in. pipe is generally preferred 
by most, although 1'-in. pipe is specified 
by about one-third. 
In intermediate and high pressure sys- 
tems the favorite minimum pipe size is 
%-in. with some 1-in. pipe specified for 1800 T T T T it T T T 
use in intermediate pressure systems. GUIDE FOR SIZING SERVICE LINES 
These “standard” sizes have been selected 1700 BASED ON |/2 INCH W.C. PRESSURE 
by the companies using them because they e~ 
will provide adequate capacity to meet the 600 DROP FROM MAIN TO OUTLET END a 
more detailed requirements outlined in | OF SERVICE PIPE. Sp. Gr.= 0.65 
the preceding paragraphs. | LENGTH OF SERVICE LINE INCLUDES 
1500 4 y ALLOWANCES FOR ONE TAP OPENING, — 
Construction Specifications | STREET TEE, STREET ELL,AND | 
Having selected a pipe size, the next 1400 STOP See. aes EK: Su Gan a i a oN 
problem is to design the construction | | EQUIVALENT FOOTAGE ALLOWED 
specifications so that the service, when 1300 | . — — 
finally built, will conform to the estab- SIZE SERVICE |tI4 11/2 2 
lished practice of the industry, compl TAP OPENING 2 rds 3 
with the applicable rules and regulations 1200 STREET TEE tS 9 ie 
under which the company operates, and STREET ELL § 5 6 
will be the safest and most economical 1100 STOP COCK 3 35 _4 }4 
service possible. TOTAL 16.5 20.0 25.0 
Several state regulatory commissions 00 ca Seer 
have enacted codes that govern in broad 10 il 
principles the design and construction of | 
gas services. The gas industry, itself recog- 300 a 
nizing the need for a code or method of 
the practice common to all parts of the 800 = See 
country, has cooperated and assisted in \ 
the revision and expansion of Section 8 a 
of the American Standards Associations 700 Ey <a 
Code for Pressure Piping. \\ id 
Here are some sample requirements 600 = en 1/2 INCH STANDARD BLACK 
extracted from various state codes: we | | | 
Curb cocks must be installed on all . | — 
services where a regulator is installed on 500 —oT - ae i | 1 T 
customer's premises, and on all low pres- Pig.) a“! 1/4 INCH re | 
sure services where large groups of people 400 <I STANDARD BLACK = T = 
gather. These curb cocks must be in- ‘ Ph PIPE 
spected annually. (New York Code). 300 he — ae . a oe 
House regulators and vents must be 2 meee 
inspected and tested periodically to see 11/4 INCH extra |/ eee 
that they are operating properly and 200 HEAVY BLACK PIPE= ees neat eee 
vented safely. (New York). 
Tamper-proof service cocks are to be 100 
installed on all services requiring a house 
regulator and should be inspected per- 0 
somically. (New York). 0 20 40 60 80 100 120 140 160 180 200 220 240 


House regulators operating at pressures 
greater than 10 psig shall be equipped 
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Guide for sizing service lines. 
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NEW Automatic Prover tests positive 
displacement meters with unprecedented 
speed and accuracy. 
























American advances in 
measurement, regulation and 
control have contributed to 
the growth and progress of the 
Gas Industry since 1836. 
American Meter Company’s 
continuing program of 
research and development 
provides the technological 
improvements to the measure- 
ment and instrumentation 
equipment vital to the 
successful production, trans- 
mission and distribution of gas. 
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with relief and breather vents terminating 
outside. (Wisconsin). 

Relief vents shall be of sufficient size 
to relieve the whole capacity of the relief 
valve. (Wisconsin). 

All underground piping not in use or 
planned for use should be disconnected by 
valve or other means. (Wisconsin). 

Service pipe shall not be laid in the 
same trench with other utilities, and where 
possible, should be laid at a higher level 
than other utilities. (Public Housing Au- 
thority, Bull. LR-17, V). 

Service trench should be vented to 
minimize gas seepage. (PHA Bulletin). 

Service entrances should be made above 
the floor line where there is a slab floor 
or unused or concealed crawl space. 
(PHA Bulletin). 

Service pipe should be protected against 
loosening of pipe joints or pipe breakage 
by means of swing joints or other positive 
methods. (PHA Bulletin). 

The Factory Mutual Engineering Divi- 
sion, Associated Factory Mutual Fire In- 
surance Companies, Loss Prevention 
Bulletin No. 11.88, makes some recom- 
mendations concerning gas service en- 
trances. In general it recommends an 
above grade entrance; and where a below 
grade entrance is required it recommends 
that the pipe should be encased. 


ASA Piping Code 

American Standard Code for Pressure 
Piping (ASA B31.8-1958) deals with gas 
transmission and distribution piping. 

This code undertakes to define and 
specify the minimum requirements of 
construction of gas piping from the inlet 
to a gathering system or the outlet of a 
manufacturing plant through all the inter- 
vening steps to the outlet of the customer’s 
meter. It defines as a gas service that pipe 
which runs between a main and a meter. 
It also defines high pressure as being a 


NOTES: 


A TAG GIVING THE LOCATION OF THE CURB VALVE 80x 
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Typical outside shutoff locations, using curb valve boxes. 


pressure greater than that supplied to a 
customer's appliance. 

The code recommends that main con- 
nections be made at the top or side. On 
steel mains, connections may be made by 
welding or by using a service clamp or 
saddle; and on cast iron mains, connec- 
tions may be made by drilling and tapping 
the main. The diameter of the tapped hole 
in cast iron pipe should not exceed 25% 
of the nominal diameter of the pipe except 
that 114-in. taps are allowed in 4-in. pipe. 

Concerning the service pipe, the code 
requires steel pipe be used for all services 
less than 6-in. in diameter and that when 
cast iron is used for larger diameter serv- 
ices it should not extend through the 
building wall. Either welded joints or com- 
pression fittings should be used in all 


services. Cast iron pipe should never be 
threaded, but may be joined with caulked 
mechanical, or flanged joints. A minimum 
cover of 12-in. in private property and 
18-in. in streets and roads is specified fo: 
steel pipe. 


Service Location 

The service location is determined by 
the meter location and location of the 
main from which service is to be run 
Service line should follow most practical 
and economical route from main to meter. 
Consideration should be given the possi- 
bility that the service line might conflict 
with existing obstructions or proposed 
structures that might result in later relo- 
cation of all or part of the service. 





ESTIMATED DEMAND OF GAS APPLIANCES 


Appliance 
Air conditioning units: 


en er 
Stom, Meatinge cycle .. ww wees 
I a sien 5 ge Vdeig gates 
DOM, TORUINE CUCIS . wc ec ccc cce 
[PORES SSG RONOO: .... 5 ohana. 


Storage Water Heaters: 


eee eee 
Ce ae 


Instantaneous Coil Water Heaters: 


Capacity 2'2-gal per minute .......... 
Capacity 3 -gal per minute .......... 
Capacity 4 -gal per minute ........... 
Capacity 6 -gal per minute........... 
Capacity 8 -gal per minute ........... 
OS eee 


Radiant Space Heaters: 


NE as OC aL ys a ae 


10 Radiants .. 


CS | 
BE 2. a 
Gas-Steam Radiators, per section......... 
Wal Tieeters, per tube. ...... 2.0.0.4... 





IN CU FT PER HOUR 
(1000 Btu Per Cu Ft Gas) 


LOAD FACTORS: 
Domestic gas appliances plus space heating, 


use 90% of total 
Space Heating only, use 100% of total 


Cu Ft/Hr Appliance Cu Ft/Hr 
Built-in Appliances: 
Gi npead are wees 72 standard top burner, per burner... .....6660.00.0. 
rrr es 120 Giant top DUrner, Per DUINE?... .. 05... 6652.08 0000. 
Sse ahtens ce ate Bie Ci RR a ee ae en Ree ee Ne: 8.7, 
ee at 120-180 Broiler a eRe CRE bs EPC ee eRe eee | A 
Sips, 60-75 Ee errr rarer ae 3-5 
Restaurant Equipment: 
33 epee Wires, T-8aliGapacnty ..2.... 06s ck cece ee nce 11 
i eR Ae 50 Cones Urns, 2104 Gal Capacity ....0... 56055000000 TT 
a, one oe ‘ Cofee Urns, 510 S:6al Capacity .. «0... eee cee cess Bo 
110 Cofiee Urns, 8 to 12-gal capacity... .. 6.0.60. -aes 39 
ieee te fac: 138 cae TS MEERA Ogi Me ee rarer Mee are! 
payers 70s xe ieee ; RN RNIN se ve goa, oe Aerie osc Haile wielare Obs Sev AM 
pe ee ae OO RUN OE WUOMET oe cet es eeninanss FE 
Neer eres ao NORE AR BO BIO soo ade sso Sr clie t's ace Ble es 
MORON. UPUICORIZS 6k ee cc ok ee ee anew ene Rs 35 
RE AS PE aD 4 pO dae (0 Te ne eee 
Commercial Ranges: 
Sunes ewes 11 4 Top burners, 2 Oven burners ..................165 
ae eae 22 6 Top burners, 2 to 4 Oven burners ...............264 
Pieces re teres 45-50 GO 1 EE Soe er ares ae eee aerate ete). 74) 
Pe Se 8-11 Space Heating: 
Bee ee 2 Wart tr en POO 5 occ Fo oe ioe oo se lew ds weal 20 
evade) perein 12 Steam or Hot Water, per rOOM: ... ..... css ss JO 
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Method of construction should also be 
considered. Sometimes moving the service 
-~ a few feet one way or another can result 
in considerable savings, eliminating neces- 
sity for boring or hand trenching. etc. 

Before a service line is constructed, all 
right of way required should be obtained. 
dir If service line crosses property to serve 
customers not located on said property, a 
properly written and executed right of 
way agreement should be obtained from 
parties having equity in the property 
crossed. 


rhwiv 


Service Facilities 

Service shutoffs should be installed 
upstream of the meter and/or regulator. 
Outside shutoffs shall be installed on serv- 
ices Operating at a pressure greater than 
10 psig, on all services 2 in. or larger, and 
on all services supplying buildings where 
large groups of people assemble. 

( nderground steel services when in- 
stalled below grade through the outer wall 
shall be encased in a sleeve or otherwise 
proiccted. The pipe or casing should be 
() Sealed at the point of entry. When it is 
necessary: that a steel service be installed 
und-r a building it must be encased in a 
gas-ight conduit extending into a norm- 
ally accessible part of the building where 
it shall be sealed. 

Sc-vice regulators shall have breathe: 
ven. and relief vents when required. Such 











vents shall termmate outside in rain and 
insect proof fittings. 


Main Connections 

The principal variable in the decision 
as to the type of main connection to make 
with cast iron mains is the size of main. 
rhe size of main generally limits the size 
hole that may be drilled and tapped with- 
out some sort of reinforcement. 

With the exception of 4-in. cast iron 
pipe, the maximum tap diameter is 25% 
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Venting of service trench. 
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of the main diameter. For 4-in. pipe 1'4- 
in. tap is permissible. 

When the size or condition of a main 
is such that a direct tap cannot be used, 
sonie means of reinforcement is required. 
There is some slight preference for a 
clamp over a sleeve. 

Either single swing joints or rigid con- 
nections can be used. Malleable iron fit- 
tings are generally used, although brass 
fittings serve equally well. A wide range 
of coating materials can be used in field 
application to these fittings. 

Main fittings are not usually insulated 
from cast iron mains, but the fittings are 
generally insulated from the service pipe. 

The design of main fittings does not 
usually vary with design pressure. Where 
mains carry higher pressure, some type 
of shutoff is often used in the main fittings. 

When tapping high pressure cast iron 
mains, the tap size is usually much smaller 
than the maximum allowed. 


Methods of Joining 

On steel mains and services, welding is 
the preferred method of joining. Most 
companies connect fittings to mains by 
welding. Some make use of a saddle, while 
others make a joint with a compression 
or screwed fitting. The choice depends on 
pressure and individual preferences for 
types of materials used. 

Since service pipe is not continuous, 
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lengths must be joined in some fashion. 
Most companies specify welding. while 
some use compression or screwed fittings. 

Service fittings are generally protected 
from corrosion, using grease, asphalt. or 
coal tar enamel coatings, generally with 
a glass wrapper or asbestos felt wrap. In 
some cases, a galvanized metal coating 
is used. 

Ca.hodi: protection is generally pro- 
vided, and this is assisted by the fact that 
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welded joints by their nature are electric- 
ally continuous. 

Where plastic service pipe is used, a 
standard connection to the main is made 
first, and the plastic pipe is connected to 
the main fittings by using an adapter. The 
plastic pipe lengths are joined by solvent 
welding. Reinforcement inserts are some- 
times used at the joints, depending upon 
individual company perference. 

In all-plastic pipe systems, where mains 
ure of plastic pipe, special plastic service 
connection fittings (saddle plus tee, etc.) 
are used. The service line may be directly 


solvent welded to the service connection. 

Plastic services do not require addi- 
tional coatings and wrappings or cathodic 
protection. 


Service Installations 

In most cases, companies own the entire 
service installation. 

Depth of service lines varies from 24- 
in. to 18-in. at the main, and generally is 
18-in. deep at the building wall. 

Some type of outside shutoff is required 
by most companies. These shutoffs are 
usually located between the street nd 
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Typical regulator installation. 


sidewalk. Where there is an outside meter, 
the shutoff may be located above ground 
on the riser. 


Building Entrances 

Depending upon the design of the house 
and the gas service, the entrance into the 
building occurs either above or below 
ground. Mostly, the above ground en- 
trance is associated with outside meter 
sets or basementless houses, and is not 
protected with anything other than the 
coating material. When the pipe enters 
the building wall it is protected either with 
a casing, or by being coated and wrapped. 
Some companies believe that extra protec- 
tion is unnecessary. 

The below ground entrance requires 
that a hole be drilled in the foundation 
wall large enough to accommodate the 
service pipe. After the pipe or casing is 
installed it is sealed into the building wall 
with either a cement grout, some type of 
caulking material, or tar. 

Current building construction practice 
tends to the basementless or slab type 
of building. Many companies do not allow 
gas service pipe to be installed in the 
crawl space or beneath the building, while 
others require that the service pipe be 
encased. Another way in which the prob- 
lem can be circumvented is by running 
the pipe up the outside wall to the eaves, 
thence in the attic to the location of the 
drop to the meter set. 

Swing joints are used on the service and 
are quite prevalent on inside risers. Cold 
bends are allowed by most companies. 

Most companies insist on running the 
gas service the shortest distance from the 
main to the house. Almost as many, how- 
ever, permit the use of laterals in laying 
the pipe. The minimum distance between 
the building wall and a parallel service 
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pipe is usually specified as one foot mini- 
mum distance. 


Meter Installations 


Few companies install no meters out- 
side, while some install all of their meters 
outside. Outside sets are generally made 
because of the construction of the heuse, 
the pressure on the service, or if the cus- 
tomer desires an outside set. Many of the 
outside sets are protected by a metal, 
plastic, or wooden box. 

Most companies that make inside meter 
sets have specifications as to the location 
of the meter and its relation to other 
utilities, heating equipment, and accessi- 
ble locations. 

Both tin-case and hard-case meters are 
used. The location of the meter, service 
pressure, and flow rate are reasons given 
for specifying one type of meter over the 
other. Generally, meter piping is all 
screwed fittings. An insulating fitting is 
often incorporated in the piping. This 
insulating fitting serves to separate the gas 
piping from the other underground 
utilities. The iron body brass core stop 
cock is the preferred shutoff for meter 
set use. 


Regulators 


When the distribution pressure is such 
that a pressure regulator is required it 
generally is incorporated in the meter 
piping. Generally, this service regulator 
has a %4-in. body, an orifice, from 4 to 
¥s-in. in diameter and about one-half are 
equipped with an internal relief valve. 

The type of relief can be either a 
mechanical or mercury seal. 

At some pressure levels two regulators 
are required to reduce the gas pressure to 
a utilization pressure. Most companies re- 
quire double regulation when the pressure 
exceeds 50 psig. Since most of the com- 
panies do not permit a pressure greater 
than 25 psig inside the building, the 
first cut regulator must be located outside 
the house. The first cut regulator serves 
to cut the distribution pressure down to 
between 5 and 10 psig. 

Relief valves are required on all services 
equipped with regulators by most com- 
panies. Some install relief valves on serv- 
ices supplying public buildings. Pressure 
is usually the criterion for specifying the 
use of relief valves. 

Another safety device recently intro- 
duced is the pressure and/or temperature 
shutoff. 


4 
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Typical outside meter sets. At right, with regulator. 











Typical service renewal using plastic pipe 
insert. 


Service Maintenance 


Generally, the preferred method of pre- 
serving service information is keeping card 
files by location, usually showing a sketch 
of the installation and a bill of materials. 
Only a few companies have a formal pro- 
gram of service replacement. The age of 
the service, failure of the service, and leak- 
age survey are the principal reasons for 
service replacement. There is very little 
agreement on the anticipated life of a serv- 
ice but most expect at least 40 years. 

Actual maintenance of services includes 
inspection, testing, cathodic protection, re- 
pair, and replacement of the component 
parts of the service line. 

All service lines and connections should 
be given systematic periodic leakage sur- 
veys and tests to determine that they are 
functioning properly and are adequate 
from the standpoint of public safety. 

Types of surveys used include gas detec- 
tor surveys, bar test surveys, vegetation 
surveys, pressure drop surveys, and soap- 
suds testing on exposed pipe and fittings. 

Curb boxes and curb cocks should be 
inspected and tested to determine that 
they are accessible, properly aligned, and 
in good working condition. 

Whenever the condition of a service 
line has deteriorated to a point where it 
should not be retained in service, it should 
be repaired or replaced as soon as possi- 
ble. 

Repairs include application of clamps, 
weld patches, or possibly use of the new 
epoxy materials for patching. Badly cor- 
roded services are replaced with new pipe 
or renewed with inserts of plastic or cop- 
per tubing. 

Copper has been used for some time 
by many companies for insert renewals. 
Generally, the copper is connected to the 
Steel pipe by using insulating compression 
adapters. Lengths of copper tubing are 
connected by sweated or solder joints. 
The copper insert should be insulated at 
each end — from the steel main and from 
the meter set. 

Plastic tubing is also used for service 
renewal inserts. Adapters are used to con- 
nect the tubing to the steel pipe at the 
main and the meter set. The old steel or 
iron service pipe is used as a casing to 
protect the tubing. Only insulating re- 
quirement is that the old steel or iron 
pipe be insulated from the main and the 
meter Set. **k 
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Design and Ventilation 


THE pattern by which mains are in- 
stalled, their age, load distribution and 
density, geographical conditions, etc., 
play an important part in selecting a 
location for a district regulator. 

Exposure to traffic, both pedestrian 
and vehicular, exposure to surrounding 
structures in the event of the operation 
of safety devices, location of vent 
stacks, if necessary, and conformance 
of structures to the appearance of sur- 
rounding property should be given care- 
ful consideration in the selection of the 
actual site. 

It is generally agreed that private 
property would be ideal but for var- 
ious reasons, such sites are seldom 
available at the most desirable vault 
location. The survey revealed that ap- 
proximately 40 per cent of the stations 
were in parkway areas, 24 per cent in 
the street itself, 18 per cent in side- 
walk space, and 18 per cent in private 
property. Over 80 per cent of the sta- 
tions were made below ground. The 
majority of those above ground were 
generally situated at a company plant. 

Some of the reasons expressed for 
the preference of the parkway loca- 
tions are given as follows: 


1. Ease of access 


2. More accessible for ventilation 
and operation 


3. Better working area 


4. Property rental or purchase un- 
necessary 


uw 


Less subject to surface water 
flooding 


6. Work performed outside of traf- 
fic hazard area 


7. Less subject to interference from 
street widening or grading work 


8. Less conspicuous 


Local ordinances do not, in most in- 
stances, restrict vault locations. A few 
companies reported that approval had 
to be obtained from specific governing 
bodies before a regulator station could 
be installed. 


Size of Station 

In the past it has been the practice 
to house all parts of a regulator station 
in a single structure. Now, with the 
trend toward the segregation of valves, 
regulators, safety devices, etc., smaller 
underground stations are being used. 


According to the code, ventilation of a 
vault is not required if the internal 
volume is less than 200 cu ft. (This pro- 
vision does not apply in some states 
where ventilation of all underground 
structures is mandatory.) 

A vault measuring 5 ft by 6 ft by 
6 ft is within this limit and provides 
ample room for most equipment and 
servicing of this equipment, provided 
the valves are installed outside the 
vault. Because of its small size, it would 
appear that less maintenance would be 
required, vent stacks may be eliminated 
if desired, and, in areas of subsurface 
congestion, it would be less difficult to 
select a location for the vault. 

A variety of over 20 different sizes 
of underground structures was reported 
as being in use at the present time. 


Construction 

Various forms of construction are 
used for regulator stations. The fol- 
lowing tabulation will give some idea 
as to the preference of one over another 
for both underground and above- 
ground stations. These percentages are 
a summary of the totals reported in the 
questionnaire. 





EpITOR’s NOTE: 





In 1953 a task group was ap- 
pointed by the Subcommittee on 
Distribution Design and Develop- 
ment (of the AGA Operating Sec- 
tion’s Distribution Committee) to 
study regulator station design and 
ventilation. It was thought that, if 
the practices of gas companies could 
be reviewed and reported on, some 
ideas on the different phases of con- 
struction might be helpful toward 
the improvement of present stations 
or in the development and the de- 
sign for future construction. 

The group as appointed, con- 
sisted of Marshall S. David, develop- 
ment engineer, Boston Gas Com- 
pany; T. C. Wray, chief engineer, 
Nashville Gas Company; and John 
F. Schuldt, engineer of distribution 
design, The Peoples Gas Light and 
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Coke Company, chairman. 

At the time this group was 
formed, ventilation of regulator 
vaults had become an item of more 
than usual interest. Its first investi- 
gation therefore dealt with vault 
ventilation and an interim report on 
it was given at the Distribution Con- 
ference held in Montreal, Canada, 
in 1954, 

The next step was accumulation 
of information pertaining to the de- 
sign, construction, etc., of regulator 
stations. A questionnaire was sent 
out and over 80 replies were received 
from companies in 35 states and 
Canada, giving a good geograph- 
ical coverage. A preliminary report 
was presented at the Cincinnati Dis- 
tribution Conference in 1955. 
During the period this group has 


been working, the American Stan- 
dard Code of Gas Transmission and 
Distribution Piping Systems was 
completed. Section 849 covered the 
item of vaults and undoubtedly has 
or will affect the design of regula- 
tor stations. It would be well for the 
design engineer to familiarize him- 
self with the several provisions in 
this section and use them as a guide 
in the future. A number of com- 
panies reported that changes would 
be made in their installations to con- 
form to the code. 

It has not been the intent of this 
group to make any specific recom- 
mendations. This report shows what 
is being done in general but, the final 
decision on any installation still re- 
mains in the hands of the individual 
company. 
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TYPICAL REINFORCED CONCRETE VAULT 
ELEVATION VIEW 


30-IN. ROUND MANHOLE 
FRAME & COVER 








REINFORCING RODS —» 
IN HORIZONTAL AND 
VERTICAL POSITIONS 


LOCATE LADDER 
IN FIELD TO 
SUIT COVER 






























































6-IN. WATER SHIELD 








2 BY 4 KEYWAY 
POURED WITH FLOOR 


LOCATE SUMP IN CENTER OR 
AT ONE CORNER IN VAULT 


FIG. 1. 
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PROJECTING TOE 
WELDED TO FRAME 
28 
HOOK WELDED 
TO COVER 











STEEL FRAME AND COVER 
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DETAIL OF HOLES IN COVER 





LEVER DETAIL 
FIG. 2. 





Under- Above- 
ground ground 
Type of Construction Station Station 


Reinforced concrete 52% 3% 
BWiCE «......... 25 32 
Cement block a 10 
Prefabricated steel 8 — 
Sheet metal houses — 31 
Precast slab construc- 

tion 84 == 
Wood l 9 
Open pits—guard rail 

barrier 7) — 
Open shelter—roofed 

only —- 10 
In open—no shelter — 4 
Other miscellaneous .......— 1 


As shown in the tabulation, the rein- 
forced concrete vault is favored in 
underground stations. There is little 
doubt that a concrete vault, properly 
reinforced and waterproofed, makes an 
excellent structure. It is easily formed 
and, with the use of a ready mixed con- 
crete, the pouring problem has been 
simplified. A 1-2-4 concrete mix is 
common for this type of vault. 

Fig. 1 shows an elevation of a typi- 
cal vault with some of the features 
which may be considered in the design. 
These may be adapted to any vault, re- 
gardless of the type of construction 
used. 

Should there be doubt as to the 
structural requirements for design, or 
where local regulations do not specify 
structural limitations, the specifications 
as set forth in the code may be fol- 
lowed. Section 849.1, paragraph a, 
states in part that, “the roof slab or 
cover shall be designed to carry a 15,- 
000-Ilb wheel load distributed over a 
contact area of the road surface 15 in. 
in diameter. The walls shall be de- 
signed to resist a uniform horizontal 
pressure of 250 lb per square foot with- 
out damage.” 

Because of increased interest in 
safety, load density, and the installa- 
tion of larger sized regulators that could 
over-pressure a system, a greater use of 
monitor regulators and other safety 
equipment is being made. Gas com- 
panies are installing more vaults than 
heretofore and, therefore, are inclined 
to make a simplier type of structure 
than in the past. 

The size of new vaults is also being 
reduced to avoid the need for provid- 
ing ventilation. No decrease in the de- 
sign strength of the new vaults should 
be tolerated because of the simplifica- 
tion and reduction in size. 

In many instances, a station designed 
for parkway or sidewalk use is of 
much lighter construction than one de- 
signed for the street. It is true that a 
street vault is subject to much heavier 
loading, but what is there to prevent 
the accidental passage of a heavy ve- 
hicle over a parkway area? Failure of 
the lightweight vault as a result of a 
sudden overload could be serious. It 
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TYPE “HPC” REGULATORS 
For high pressure applications. 


Inlet pressures up to 800 PSI and 
outlet pressures from 2!2 to 75 PSI. 














Reasons Why 
You Should 
SPECIFY 
RELIANCE® 
REGULATORS 
and VAIVES 


The Most Economical—In Terms of Service 


They meet or exceed ail the requirements of the Gas <r 
industry — industrial, commercial and domestic. 











TYPE “DV” & “RV” VALVES 


Relief, back pressure and differen- 
tial valves for liquids or gases in 
refinery, gasoline plants and 
hydrocarbon distribution installa- 
tions. Maximum relief settings 125 
and 225 PSI. 
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TYPE “HPR” REGULATORS 


For reducing, relief and back pres- 
sure applications. Inlet pressures 
to 1000 PSI and outlet pressures 
from 2'2 to 350 PSI. 




















TYPE “HR” & “KR” 
REGULATORS 
These House Service Regulators 
guard pressures. They incorpo- 
rate internal relief valves which 
can be set to relieve at pres- 
sures ranging from 8 to 30” WC. 
Inlet pressures up to 125 PSI. 
Standard pipe sizes *s to 3” 

inclusive. 
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has been the practice of some com- 
panies to install all vaults in public right 
of way designed for maximum load 
conditions. In using a smaller vault the 
difference spent in time and material 
in construction of a well designed 
structure as compared to a lightweight 
one becomes negligible. 

Ample room should be left between 
the top, the roof and the ground level 
to allow for any alteration of the sur- 
face grade which may occur as the re- 
sult of street paving, widening projects, 
regrading work, etc. If the frame of the 
manhole cover is equipped with a tele- 
scopic type of neck, adjustments can 
be made provided the vault roof is in- 
stalled at the required elevation to per- 
mit the adjustment. A good cushion be- 
tween the roof and pavement is also 
helpful in lessening the effect of the im- 
pact of vehicular loads on a vault. 

It should be remembered that a regu- 
lator station should be designed to pro- 
vide safe and desirable working con- 
ditions for personnel and with a view 
toward eliminating excessive main- 
tenance costs. 


Covers 

Four types of covers primarily used 
On underground structures are the 
round cover; the square or rectangular 
cover; the full opening cover, which 
also serves as the roof; and the sec- 
tional cover, which, although it serves 
as « roof, may be opened in sections 
as Cesired. 
‘he round cover is favored over the 
others by a large majority. There is no 
chance that a round cover will acci- 
der'ally fall into a pit, as is possible 
wit! the square or rectangular cover. 


Y2-IN. BOLT ANCHORS WITH 
2 SLUGINS PER BOLT, 
2 BOLTS REQUIRED 





The maintenance of hinges, as is neces- 
sary on all hinged covers, is eliminated. 
The ASA code requires that whenever 
an opening is to be situated above 
equipment which could be damaged 
by a falling cover, a circular cover 
should be installed or other precautions 
taken. 

Reactions to the requirement of 
locks on covers was indifferent. In most 
instances, the weight of the cover is 
assumed to be sufficient to prevent 
tampering. Some covers are bolted in 
place and locks are used on others. Fig. 
2 shows a simple locking arrangement 
which may be adapted to any round 
cover. Shifting of the cover in a circu- 
lar manner locks the cover in place. 

Some use is made of a seal cover in 
the neck of the manhole. Its purpose is 
to seal off the vault as well as to pre- 
vent surface water or other debris from 
entering the manhole. 

In selecting a cover, care should be 
taken to see that it is large enough to 
permit the passage of equipment and 
fittings for installation or during re- 
pairs, and to permit ingress and egress 
readily. 

One or two covers are commonly 
used per vault. Some companies use a 
combination of a round and square 
cover. More than one cover is used by 
some companies to vent a vault quickly 
before entering it. 


Drainage 

With the abolition of sewer connec- 
tions by the ASA code, the problem of 
drainage is limited to either a sump or 
crushed stone type of floor. Placement 
of the sump is a matter of choice but it 
should be placed in an accessible posi- 
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tion for pumping and where it will give 
minimum interference with the main- 
tenance of the equipment. A common 
location is the corner of the vault in 
back of the ladder. 

A perforated cover plate may be 
supplied if the sump is located where 
someone may accidentally step into it. 
It is the practice of a number of com- 
panies to place the sump in the center 
of the floor where the additional space 
of the sump is used when overhauling 
regulators that have a bottom opening. 

Some use is made of a suction line 
consisting of 1%2-in. pipe extending 
from the bottom of the sump to the sur- 
face of the vault to permit pumping 
without removing the cover. 


Ladders 

Most ladders used are steel and are 
fastened permanently to the wall. A 
few companies reported using wood or 
aluminum ladders. It is felt that having 
a ladder fastened to the wall is good 
practice as it provides the only means 
of exit if an emergency arises. If a re- 
movable ladder is used some type of 
hanger or stop should be used to pre- 
vent it from slipping. 


Pipe and Fitting Supports 

Brick or concrete piers, pipe or wood 
supports or hangers from the roof are 
used to support the valves, regulators, 
fittings, etc., in the station. Although 
all of the types mentioned may serve 
their purpose satisfactorily, an adjust- 
able pipe support may have some ad- 
vantages (see Fig. 3). 

This type of support may easily be 
removed while working on the equip- 
ment, or adjusted to proper height — 
whatever the need may be. 


Painting 

Opinion on the painting of the in- 
terior of the structure and piping for 
both aboveground and underground 
stations is divided. It is pointed out 
that better housekeeping conditions 
existed in painted stations. A good 
waterproofing paint, properly applied 
to concrete or masonry surfaces, also 
helped to keep underground stations 
drier. 

Painting of the piping and equip- 
ment in a station will add to its ap- 
pearance. Some companies use a color 
code in their painting. As an example, 
one company used the following color 
code. 

Low pressure — green 

Intermediate pressure — yellow 

High pressure — red 

By-pass lines — striped 

Another company paints all inlet 
piping red and outlet piping blue. 

With the additional control piping 
resulting from the use of safety equip- 
ment, the differentiation between the 
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piping has assumed a greater impor- 
tance. Color coding of the piping by 
companies not using such a system 
might be given consideration. 


Wall Seals 

It is important that the entry of pip- 
ing through the wall in underground 
stations be sealed in a manner to help 
prevent the concentration of stresses 
on the pipe and prevent the leakage 
of moisture or gaseous products into 
the station. A preference was expressed 
for the use of sleeves in connection 
with masonry or concrete structures. 

The sleeve, several inches larger in 
diameter than the gas main, is installed 
in the wall at the time of construction. 
The voids are filled with mastics, yarns, 
etc., and in some instances a reducing 
coupling is used. On steel vaults, the 
main is either welded to the wall or a 
coupling is used, with the center ring 
being welded to the wall and acting as 
a sleeve. 

Where no sleeve is used, the wall is 
formed directly around the main, 
which has some type of wrapping on it. 

Opinion is that strains, caused by 
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vibrations, settlement, or other rea- 
sons, are minimized when a wall sleeve 
is used. Also, if the piping has to be 
adjusted or removed for any reason, it 
may be done without disturbing the 
wall structure. 


Miscellaneous 

Other miscellaneous items connected 
with station design may be briefly con- 
sidered as follows. 

Soundproofing. Little need for 
soundproofing of underground stations 
was found. Some use of it is made in 
aboveground stations but as it is usu- 
ally a local problem it should be re- 
solved by the individual company. 

Protective barriers around stations. 
Only in aboveground stations or open 
pit construction were barriers used. 
They consisted of a simple pipe rail or 
wire mesh type of fence. In residential 
areas, grounds are landscaped to con- 
form to the surrounding areas. 

Electrical facilities. Use of electric 
equipment is covered in the code under 
Section 849.4, paragraph c, which 
states that electrical equipment in 
vaults shall conform to the require- 


ments of Class |, Group D, of the Na- 
tional Electrical Code (ASA C1). Elec- 
tricity is used for lighting and in a few 
instances for control and equipment 
operation. 

Cathodic protection. The applica- 
tion of cathodic protection is being 
given more consideration than in the 
past. More than half of the reporting 
companies make use of cathodic pro- 
tection for piping and equipment 
around a vault. The additional use of 
steel vaults in recent years has added 
to this problem. The extent of all pro- 
tection should be determined by the 
corrosion engineer. 

Costs — There was a great variation 
in the cost of regulator stations. Prices 
ranged from a few hundred dollars to 
several thousand dollars, depending 
on the type of structure, size, location, 
etc. It is the responsibility of the design 
engineer to provide a structure that will 
be adequate for use at a minimum in- 
vestment. 


Ventilation 
When the task group was formed. it 
was the intention to prepare a 81g 
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TYPICAL ARRANGEMENTS OF STACK PIPING 
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gested standard for vault ventilation. 
A review was made of the work and 
tests conducted by several companies 
and the U. S. Bureau of Mines on var- 
ious types of vault ventilation. This 
part of the task was resolved through 
the adoption of the ASA Code. Section 
849.3 covers the ventilation of under- 
ground vaults very thoroughly. Many 
of the problems and questions raised 
by various companies have been 
answered by the provisions in this 
section. 

Briefly, it states that all vaults should 
e ventilated where the internal vo!- 
ne exceeds 200 cu ft. Two vent ducts 
are to be used and should be large 
enough to minimize the possibility of 
formation of a combustible atmosphere 
in the vault. The ventilating effect of 
a pipe 4 in. in diameter was specified 
as the minimum-sized duct that could 
be used. Qualifications for the height 
of the duct and type of ventilating hood 
to be used are also given. Vaults hav- 
in’ an internal volume between 75 and 
-(.) cu ft need not be ventilated if all 
nings are properly sealed. Vaults 
Wi an internal volume of 75 cu ft or 
lcs. do not require ventilation. 
uestions were asked, at the time 
questionnaire was sent out, as to the 
Siz’ of vaults being ventilated, location 
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of vent ducts and objections encount- 
ered in connection with the installation 
of vent ducts. 

Vent piping, where used, was either 
4-in. or 6-in. in diameter. Many were 
combined into a pipe within a pipe as 
illustrated in Fig. 5, illustration G. To 
overcome the objection of the unsightly 
appearance of vent stacks, an ornamen- 
tal standard of some type was used. 

Fig. 4 shows the different stack 
heads presently being used by some 
companies. Simple heads are repre- 
sented in F, H and manhole cover J. 
More elaborate rotating heads are illu- 
strated in B, C and D. 

Fig. 5 shows various arrangements 
of stack piping. Some companies using 
aboveground gage boxes run piping to 
this equipment in the vent stacks. 

Complaints in better residential areas 
on the appearance of the vent stacks 
were overcome in some instances by 
using a higher vent stack. In other in- 
stances where complaints were made 
it was pointed out that the vents ac- 
tually were not much different from the 
utility poles generally installed through- 
out residential areas. Other companies 
reported the necessity of having to ob- 
tain permission of the municipalities 
to make such installations. 

Regardless of the type of stack used, 


care should be exercised to see that 
they are situated a reasonable distance 
from structures so no hazard from 
escaping gas will be encountered. 

In most instances the opinion is gen- 
eral that the operation of existing vault 
structures would continue as in the past 
because the code was not retroactive. 
This does not imply, however, that any 
unsafe existing installation should con- 
tinue in operation. New structures 
would be erected to conform to the 
various provisions of the code. 


Safety 

Safety of construction and operation 
should not be neglected. One reply re- 
ceived had this quite appropriate re- 
mark to make. “In discussing the de- 
sign of underground pits, too much 
stress cannot be placed on the fact that 
each station is a problem in itself. 
Safety to the public and personnel, rela- 
tionship to our distribution system, 
ground conditions and ease of main- 
tenance must all be taken into consid- 
eration.” 

Insist on a good safe design. Provide 
the necessary tools and equipment in 
order that work may be performed in 
a safe manner. A good, regular inspec- 
tion program will be a help toward 
accident-free operation. x*ke* 
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Determining Regulator Capacities 


A study of the various equations now in use for comput- 
ing regulator capacities reveals the following seem to be the 
most practical: 


(1) Where the flow is below critical velocity (regulator out- 
let absolute pressure being more than one half of the 


regulator inlet absolute pressure): Q = K\/h p, 


(2) Where the flow is above critical velocity (regulator outlet 
absolute pressure being less than one half of regulator 
inlet absolute pressure): Q = 2 KP, 


Where, 


Q = Mcf per hour of .65 sp. gr. gas at a base pressure 
of 14.73 psia 


h = Drop in pressure across regulator, psi 
P,, = Outlet pressure, psia 


P, = Inlet pressure, psia 


K = Constant, depending on regulator valve size and 
characteristics. 


For convenience, these equations are transposed as follows: 
Q = K x Flow Factor 

Graphic charts (Fig. 1 through 6) have been prepared 
whereby flow factors may be read directly, depending upon 
the regulator inlet and outlet pressures. 

The “Flow Factor” (shown on bottom scale) is equal to 
\/hp,, for conditions outlined under equation (1); and is 
equal to 42 P,, for conditions outlined under equation (2). 

These flow factors when multiplied by factor “K” (in table) 
equal the recommended maximum regulator capacity. 


From Columbia Gas System Service Corporation. 


In attempting to determine “K” factors for practical use 
for the different regulators in common use, it is necessary to 
make several compromises and assumptions which are briefly 
stated as follows: 


(1) It is interpreted that the maximum capacity of a regu- 
lator is that quantity of gas which a regulator will de- 
liver at a given pressure drop between its inlet and out- 
let flanges; that is, the regulator body is considered the 
unit rather than only the regulator valves or any part 
of the setting. 


(2) In developing practical “K” factors for the different 
regulators, it was found that some regulators have 
greater valve opening areas than the area of the regu- 
lator outlet pipe opening. In such cases, the “K” fac- 
tors shown in the table are measured to an amount that 
has been found practical. 


(3) These capacity data are based entirely on the capacity 
of the regulator main body and do not take in account 
variations in outlet pressure resulting from other 
causes, such as friction, lack of operative power, etc., 
which are common in the older type of regulator. 


The table sets forth practical “average values” for K, which 
are believed to be accurate and safe for the purpose intended. 
In most instances they are as accurate as many of the other 
variables involved, such as the estimated inlet and outlet pres- 
sures, etc. Where more accurate values of “K” are available, 
such as those furnished by regulator manufacturers, obtained 
from special tests, etc., they may be substituted for those in 
the table and inserted in the blank spaces provided. 





HOW TO DETERMINE REGULATOR CAPACITIES 


The following curves and table of “K” factors are a con- 
venient way of determining the capacity of various kinds of 
regulators. The “K” factors shown are for commonly used 
types of regulators. 

To determine maximum capacity of regulator. 


1. Locate outlet pressure on left margin of graph. 

2. Trace horizontally to estimated minimum inlet 
pressure. 

3. Trace vertically down and read “Flow Factor” on 
bottom scale. 

4. Maximum hourly capacity equals “Flow Factor” 
multiplied by “K” factor of type regulator con- 
sidered. 


Example: 

Assume: A 6-in. balanced valve, regulator of the older 
type using flat disc seats, 0.25 psi outlet gage 
pressure and an estimated minimum inlet gage 
pressure of 10 psi. 

from Fig. 1 — Flow Factor = 12.1 

from table, “K” factor = 16.5. 
Maximum Regulator Capacity = 12.1 x 16.5 or 
199.7 Mcf per 

hour 


To determine the size regulator required when the quantity 
and pressure conditions are known. 


Example: 

Assume: A maximum hourly rate of flow of 100 Mcf per 
hour, an outlet pressure of 100 psi, and an esti- 
mated minimum inlet pressure of 250 psi. 


Then: From Fig. 4, Flow Factor = 133; therefore “K” 
Factor required = 100 + 133 or .75. It will be 
noted from table of “K” factors that a 2-in. regula- 
tor having 1-in. balanced valves will have ample 
capacity. 








TABLE OF "K" FACTORS. 








| 

Pipe size of regulator 
2 in. ¥% in. Balanced valves 
2 in. 1 in. rid “i 
2 in Std. 
3 in, " ” ” 
hin, ” " ” 
6 in. ” ” ” 
Sin. ” ” ” 
10 in. o ” ” 
12 in. ” ” ” 


— — ° 


Inner valve “K" Factors 


Meron 
‘al ye el ° “ar 
eee 





These “‘K” factors are used for the older type regulators using flat (8¢ 
seats, quick opening regulators limited to %4-in. valve travel, and for ‘he 
newer design regulators where the outlet piping is not increased imm*/l- 
ately at the regulator. 
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HOW TO DETERMINE THE NUMBER OF REGULATORS ” 
ma 
IN SERIES ——- INCLUDING MONITORING REGULATORS poi 
— FOR GIVEN PRESSURE CONDITIONS. 
gas 
(This does not apply to service regulators). pre 
me 
Explanation: 
Case 1: Determine the practical pressure cut for a 700 psig in- 
let pressure. 0 
1. Locate 700 psig inlet pressure on the left scale of 
the graph. “ 
: 2. Trace horizontally to the right to the curve and 
then trace downward to the bottom scale. Read 
HI outlet pressure of 250 psig. as 
” 
£ Case 2: Determine the number of cuts required for station where 
5 the inlet pressure is 700 psig and the desired outlet pres- 50 
z 


sure is to be 20 psig. 


First Cut: 700 psig 
to 
250 psig 


or] 
So 


Second Cut: 250 psig 
to 
50 psig 


Third Cut: 50 psig 
to 
20 psig 


CHANGE IN ENTHALPY 4H (BTU/MCF) 
~ 
oO 


10% 


NOTE: While the example shows pressure cuts, the same number of regulat« 
may be used, with one or more regulators being used as monitoring regulator 





° 100 200 300 400 800 
OUTLET PRESSURE, PSIG From Columbia Gas System Service Corporation 
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The reduction of pressure of a gas 
caused by throttling through a pressure 
reducing valve establishes a sudden ex- 
pansion of gas at the outlet of the valve. 
This sudden expansion sets up a heat 
transformation, causing the valve body 
and pertinent piping to be the absorber. 
Whenever this heat is not sufficiently 
present in the gas itself, then it must 
be taken from the immediate environ- 
ment. In this case, it is the valve body, 
immediate piping, and soil, if pipe is 
covered. The temperature reduction 
for a typical natural gas is approxi- 
mately 1F for each atmosphere re- 
duction or 7F per 100 psi pressure cut. 
The effect of this heat transfer problem 
manifests itself in many ways and can 
be a source of serious trouble. The two 
most important problems involved are, 
(1) internal freezing of the regulator, 
and (2) external freezing of the regu- 
lator body, the immediate piping and 
the surrounding environment. 


Internal Freezing of Regulators 

Internal freezing of a regulator oc- 
curs when the temperature drop (due 
to a pressure reduction) causes the gas 
temperature to reach the dew point of 
the gas. When this condition is reached, 
problems can occur from hydrate for- 
mation, or ice formation, if the dew 
point is below the freezing point. 

The freezing point depends on the 
gas composition, water content, and 
pressure of the gas. There are several 
methods of combating these problems, 


CHANGE IN ENTHALPY OH (BTU/MCF) 


-20 -10 1°] 10 20 30 «640 50 


How To Solve Regulator Freezing 


such as alcohol injection, heated build- 
ings, and heat exchangers. 


Freezing of Surrounding 
Outlet Piping 

The low gas temperature caused by 
large pressure reductions frequently 
has serious effects on regulator outlet 
piping and mains. When the tempera- 
ture of the outlet gas and piping is 32F 
and below, freezing of the moist earth 
covering the pipe causes expansion 
and heaving. Usually, this action re- 
sults in damage to building founda- 
tions, highways, etc., and imposes high 
stresses with possible distortion to the 
piping and regulator setting. On a regu- 
lator setting where the maximum flow 
rate and/or pressure cut is not large, 
this effect may be unimportant; how- 
ever, on large regulators with high 
maximum flow rates, and especially in 
poorly drained areas, serious damage 
may result. 

Best experience, to date, indicates 
that one of the four methods (or a com- 
bination of all four in some trouble- 
some locations) may be used to elimi- 
nate damage. 


1. One method commonly used is to 
have all underground piping that car- 
ries cold gas at 32F or below, sur- 
rounded with at least two feet of loose 
gravel. Care should be given that pro- 
per drainage is provided to remove 
free moisture from the gravel. Particu- 
lar attention should also be given the 
corrosive properties of the gravel used. 
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TEMPERATURE-ENTHALPY DIAGRAM 
FOR A TYPICAL NATURAL GAS 
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Problems 


2. When the regulator setting is in 
a location that is flat and low without 
opportunity for drainage, the setting 
and piping may be elevated above 
ground or station flooring and outlet 
piping extended for some distance from 
the station before being buried. This 
distance is governed by the surround- 
ings such as railroad crossings, road 
crossings, or building foundations, and 
physical limitations of the property. 

3. Another method is to insulate the 
pipe in order to slow down the heat 
transfer between the pipe and the sur- 
rounding earth. Generally, the pipe 
would be insulated in the immediate 
vicinity of the regulator where damage 
may occur, e.g., if the pipe passes 
under the structure walls, a railroad 
crossing, or any highway, etc., the pipe 
would be insulated so that any freez- 
ing that might occur will take place 
well away from the zone where damage 
may result to the structure or highway. 
One method of insulation is a sealed 
casing on which a partial vacuum has 
been established. 

4. If regulator settings are in a lo- 
cation where none of the above meth- 
ods can be used, then some method 
of applying heat can be used. Some 
type of heat exchanger should be in- 
stalled on the inlet to the regulator 
setting in order to heat the gas so that 
it will be above 32F on the outlet of the 
regulator setting. In a setting of this 
type, the cost of fuel required for op- 
eration of the heater should be con- 
sidered. 


Determination of Base 
Heating Requirements 

If the composition, temperature, and 
pressure of the gas is known, the heat 
or enthalpy of the gas can be de- 
termined from an enthalpy diagram for 
natural gas. The amount of heat re- 
quired to heat the gas can be de- 
termined so that the temperature of the 
gas on the outlet of the setting will be 
above 32F where freezing of earth 
surrounding outlet piping is en- 
countered, or the required minimum 
temperature where internal regulator 
freezing is encountered. 

1. Internal Freezing of Regulators. 
When internal freezing is involved, 
experience has shown that it is only 
necessary to provide sufficient heat to 
the gas to heat approximately 10 per 
cent of the maximum regulator ca- 
pacity to a temperature slightly above 
the dew point of the gas to prevent 
liquid water from falling out which 
might cause freezing or hydrate forma- 
tion. At flow rates greater than approxi- * 
mately 10 per cent of the maximum 
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regulator capacity, internal freezing is 
generally not encountered. 

2. Freezing of Earth Surrounding 
Outlet Piping. The following example 
illustrates how the base heating re- 
quirements for a regulator heater can 
be determined. 


Assume the following: 


Flow Rate 20,000 Mcf/day 


Flowing Gas Inlet 
Temperature 67F 

Inlet Pressure 1200 psig 

Outlet Pressure 350 psig 


Dew Point 30F 


With reference to the Enthalpy Dia- 
gram, the inter-section of the 67F line 
and the 1200 psig curve indicates an 
initial enthalpy or heat content of 3975 
Btu per Mcf. To find the outlet tem- 
perature, the intersection of the 350 
psig curve with the constant enthalpy 
line from the intersection of 67F and 
1200 psig gives a temperature of 7.5F. 

To prevent freezing of earth sur- 
rounding the outlet piping, the outlet 
gas temperature should be approxi- 
mately 35F. The intersection of the 
35F line with the 350 psig indicates an 
enthalpy of 4700 Btu per Mcf. 

Therefore, the heat required to be 
added to the flowing gas would be: 


Btu difference x flow 
per day in Mcf 
4700-3975 x 20,000 

= 14,500,000 Btu per 
day OR 604,200 Biu 
per hr. 

The temperature to which the inlet 
gas must be raised can also be de- 
termined by the intersection of the 
1200 psig curve and the constant en- 
thalpy line at 4700 Btu per Mcf indi- 
cating a temperature of 86F. 

In using the change in enthalpy dia- 
gram, it is assumed that true throttling 
or Joule-Thompson expansion occurs 
at the reducing valve and the expansion 
takes place at constant enthalpy. 


Heat required 


When selecting a pressure regulator based upon an analysis 
of the operating conditions and requirements, the following 
points must be considered: 


1. Rate of flow, both maximum and minimum, in cubic 
feet per hour at base pressure conditions. 


Type of gas and its specific gravity. 
Inlet pressure, maximum and minimum. 
Outlet pressure and the desired range of adjustment. 
Accuracy of controls needed. 
Pressure build up permitted at zero flow. 
Type of valves, hard or soft seat. 
8. Size of pipe connections. 


9. Ease of future repairs and maintenance. 


Rate of Flow 

The correct sizing of regulators is very important in obtain- 
ing the maximum efficiency from a regulator. At normal loads 
the regulator should be operating at approximately one-half 
its rated capacity. In most cases, the maximum expected load 
and the regulator capacity should be very nearly the same. 
An oversized regulator will have to operate with its valves in 
an almost closed position, which will often result in erratic 
control or pulsation of the regulator. In an ideal situation, a 
regulator should not have to be operated at a flow of less than 
10 percent of its maximum capacity. Actually, many regula- 
tors must be operated down to almost zero flow. Continuous 
operation at low flows, however, may result in valve seat cut- 
ting, and, on sensitive regualtors, there is more chance that 
the regulator will vibrate or pulsate. 


Type of Gas 

On most natural gas, it is desirable to use synthetic rub- 
ber material for soft seat valves. On manufactured gas, it is 
necessary to use leather valve discs. Liquefied petroleum gas 
is likely to displace standard oil treatment in leather dia- 
phragms resulting in leakage of gas. Special diaphragm treat- 
ment or synthetic diaphragms must be used with propane or 
butane gas. 


Inlet and Outlet Pressures 

Inlet pressures will affect the regulator type and size. The 
mechanical structure of the regulator must be such as to 
withstand the pressure, and moving parts must be constructed 
SO as to minimize any abrasive action due to the high velocity 
of gas through the regulator. Since, in general, it is desired to 
have the valve an appreciable distance off its seats during nor- 
mal operation, higher pressure drop across the regulator 
means smaller sizes of valves for any desired flow rate. 

The range of outlet pressure desired determines the size 
of diaphragm case. The larger the diaphragm, the more re- 
sponsive it will be to changes in pressure. Therefore, the larg- 
est diaphragm consistent with pressure conditions should be 
used. For any particular type of regulator, the proper dia- 
phragm size for various outlet pressures is listed. 


Accuracy of Control 

On large regulators, different types of loading diaphragms 
can be used depending on the accuracy of control needed. The 
simplest and most rugged design that will give the necessary 
accuracy should be used. 

For example, the weight or spring-loaded high pressure 
balanced valve regulator is a simple type of regulator, and 
should be used where the flow is fairly constant or the outlet 
pressure can vary about 5 to 10 percent. If better control is 
needed, the power pilot regulator can be used to load this 
regulator and obtain constant outlet pressure over a wide 
range of flow. 


Type of Valves 

When a complete shut-off of flow is required, a soft seat 
valve should be used. On high pressure cuts, the valves are 
subjected to erosion from the particles carried along in the 
gas stream. In such cases, hard seat valves should be used to 
help withstand this cutting action. 


Size of Connections 

In some types of regulators, such as the field and service 
regulators, the same basic size of regulator can be furnished 
with various sizes of inlet and outlet connections. In most 
cases, the sizes of connections is determined by the required 
regulator capacity. 
) From Rockwell ‘“‘Gas Regulator Handbook.” Reproduced by permi: sion 
of Rockwell Manufacturing Company, Pittsburgh, Pennsylvania. 
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To arrive at accurate results in proof-testing gas meters 
necessitates close attention to a great many details. Merely 
connecting the meter to a prover and passing a small quantity 
of air or gas through, without strict regard to the following 
rules, will result in an approximation only and is not a cor- 
rect proof test. 

lo proof test a meter accurately the prover must be mathe- 
matically correct, perfectly level, duly conterpoised and ad- 
justed so as to give uniform pressure from top to bottom dur- 
ing the movement of the bell in the tank. Provers are com- 
monly adjusted to throw a pressure of one and one-half inches 
water column. The liquid in the prover, the air or gas in the 
bell and also the meter to be proof tested must all be uni- 
form in temperature with the air of the room in which the 
tests are to be made and all these temperatures must be kept 
uniform during the entire test. 

The meter or meters to be proof tested should be brought 
to the proving room at least five hours or if possible for a 
longer period before making tests, thereby giving them an 
opportunity to become adjusted to room temperature. When 
these conditions have been met, the test may proceed. 


Percentage of Error Table 














2 cubic feet 5 cubic feet | 10 cubic feet | 20 cubic feet 
passed by meter passed by meter passed by meter passed by meter 
Prover Error Prover Error Prover | Error Prover | Error 
1.80 +11.11 4.50 +11.11 9.00 | +11.11 18.00 | +11.11 
1.81 +10.50 4.52 +10.62 9.05 | +10.50 18.10 | +10.50 
1.82 + 9.89 4.55 + 9.89 9.10 | + 9.89 18.20 | + 9.89 
1.83 + 9.29 4.58 + 9.17 9.15 | + 9.29 18.30 | + 9.29 
1.84 + 8.70 4.60 + 8.70 9.20 | + 8.70 18.40 | + 8.70 
1.85 + 8.11 4.62 +.8,20 9.25 | + 8.11 18.50 | + 8.11 
1.86 + 7.53 4.65 + 7.53 9.30 | + 7.53 18.60 + 7.53 
1.87 + 6.95 4.68 + 6.84 9.35 | + 6.95 18.70 | + 6.95 
1.88 + 6.38 4.70 + 6.38 9.40 | + 6.38 18.80 | + 6.38 

' 1.89 + 5.82 4.72 + 5.93 9.45 | + 5.82 18.90 | + 5.82 

ast 

1.90 + 5.26 || 4.75 + 5.26 9.50 | + 5.26 19.00 | + 5.26 

1.91 + 4.71 4.78 + 4.60 9.55 | + 4.71 19.10 | + 4.71 

1.92 + 4.17 4.80 + 4.17 9.60 | + 4.17 19.20 | + 4.17 

1.93 + 3.63 4.82 + 3.73 9.65 | + 3.63 19.30 | + 3.63 

1.94 + 3.09 |} 4.85 | + 3.09 9.70 | + 3.09 19.40 | + 3.09 

1.95 + 2.56 4.88 + 2.46 9.75 | + 2.56 19.50 + 2.56 

1.96 + 2.04 4.90 + 2.04 9.80 | + 2.04 19.60 + 2.04 

1.97 + 1.52 4.92 + 1.63 9.85 4- 1.52 19.70 | + 1,52 

1.98 + 1.01 4.95 + 1.01 9.90 | + 1.01 19.80 + 1.01 

1.99 + 0.50 4.98 + 0.40 9.95 | + 0.50 19.90 | + 0.50 
Correct 2.00 0.00 5.00 0.00 10.00 0.00 20.00 0.00 
2.01 —0.50 || 5.02 —0.40 10.05 —(0.50 20.10 —0.50 

2.02 —0.99 5.05 —0.99 10.10 —0.99 20.20 —0.99 

2.03 —1.48 5.08 —1.57 10.15 —1.48 20.30 -1.48 

2.04 —1.96 5.10 —1.96 10.20 —1.96 20. 40 —1.96 

2.05 —2.44 5.12 —2.34 10.15 —2.44 20.50 —2.44 

2.06 —2.91 5.15 —2.91 10.30 —2.91 20.60 2.91 

2.07 —3.38 5.18 —3.47 10.35 —3.38 20.70 —3.38 

2.08 —3.85 5.20 —3.85 10.40 —3.85 20. 80 —3.85 

2.09 4.31 §.22 —4.21 10.45 —4. 31 20.90 —4_ 31 

' 2.10 —4.76 5.25 —4.76 10.50 —4.76 21.00 —4.76 
2.53 —5.21 5.28 —5.30 10.55 —5.21 21.10 —5.21 

2.12 —5.66 |} 5.30 —5.66 10.60 —5.66 21.20 —5. 66 

2.13 —6.10 5.32 —6.02 10.65 —6§.10 21.30 —§.10 

2.14 —6.54 5.35 —6.54 10.70 —6.54 21.40 —6§.54 

2.15 —6.98 |} 5.38 —7.06 10.75 —6.98 |} 21.50 —6.98 

2.16 —7 41 5.40 —7 41 10.80 7.41 21.60 7.41 

2.17 . 5.42 —7.7 10.85 7.83 21.70 7.83 

2.18 5.45 -8.26 10.90 —8.26 21.80 8.26 

2.19 5.48 8.76 10.95 —8.68 21.90 —8.68 

2.20 5.50 9 09 11.00 —9.09 22.00 —9.09 
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Proof Testing Gas Meters for Accuracy 
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The inlet of the meter is connected to the prover hose by 
means of a suitable connection. The connections and meter 
are then tested for leaks by opening the outlet valve on the 
prover connections, placing the palm of the hand over the 
meter Outlet, and then closing the valve. If the siphon 
gauge shows a drop in pressure, it is an indication of a leak 
in the connection or in the meter. The leak can be located 
by means of soapsuds. 

Attach the proper check cap on the meter outlet and pass 
enough air from the prover through the meter to bring the 
test hand, while on the up run, directly over a division or 
mark on the proving circle. 

Fill the prover bell and carefully adjust the zero scale read- 
ing by means of the prover slide valve. Open the valve on 
the connection and pass a sufficient volume from the prover 
through the meter to cause the test hand to make one full 
revolution. Exercise care to insure that the test hand is 
stopped exactly over the mark from which it started at the 
beginning of the test. The reading on the prover scale is noted 
and from these data the proof is determined. If the meter is 
to be proof tested at the open rate, the procedure is the same 
as with the check rate test with the exception that the meter 
outlet is unrestricted. The maximum rate at which the prover 
delivers air through the hose and connections to the meter 
at the open-rate test depends upon the capacity of the meter, 
pressure in the prover, and size of connections from the in- 
terior of the prover to the meter. 


Differential Test 


The differential test of meters at a definite check rate is the 
supplementary test which is used as a final check to determine 
the absence of avoidable internal friction or binds in meters 
before final proof. For this purpose the differential, which is 
the difference in pressure between the inlet and outlet of the 
meter, is indicated in inches of water on a sensitive draft 
gauge. 

At a very low rate of flow the differential is produced pri- 
marily by internal friction. In a properly assembled meter this 
internal friction depends upon the flexibility of the dia- 
phragms, the relative tightness of the stuffing boxes, and to 
a certain extent, upon the clearance between the moving 
parts. In some cases where heavier diaphragms or tighter 
packing of the stuffing boxes are specified, a slightly higher 
differential will result. Consequently, for any particular size 
of meter, the differential limits will depend upon the speci- 
fications. 

Any increase in differential resulting from binds, excessive 
friction in the stuffing boxes, or stiff diaphragm leather shouid 
be eliminated before final proof. This precaution is of basic 
importance because if internal friction is reduced by wear 
after a meter is placed in service, the proof may be affected. 

At low rates of flow, the differential between meter inlet 
and outlet pressures may be about 0.10 inches of water. 


American Meter Company, Inc. 














































The comparison of the amount of 
registration of the meter, and the actual 
volume passed by the meter as shown 
by the decrease in volume in the prover, 
may be expressed in several ways. 

The two general methods used might 
be called “percentage of error’ and 
“percentage correction.” 

The percentage of error is more 
truly correct and significant in denot- 
ing the accuracy of the meter itself. 

Percentage of error = 

100 x 
(meter reading — prover reading) 


prover reading 
The percentage of correction that 
should be used in adjusting a gas bill 
is figured as follows: 
Percentage correction = 
100 x 
(meter reading — prover reading) 
meter reading 
All “percentage of error” or “cor- 
rection” formulae as written give the 
correct algebraic sign for percentage 
which designates whether the meter is 
fast or slow. It should be noted that a 
plus percentage of correction should be 
subtracted from the meter reading to 
give corrected reading. A negative per- 
centage correction should be added 
to the meter reading for corrected 
reading. 











Bill adjustment = 
Minus meter reading x percent 
correction. 


The algebraic sign must be consid- 
ered if we are to consider a fast meter 
as having a positive percent correction 
as has been the general practice when 
“percent correction” is used for “per- 
cent error.” 

The percentage of error is generally 
accepted as the correct method for ex- 
pressing meter accuracy. Tables are 
available for correcting prover read- 
ings to “percentage error.” Tables may 
be used for various proof bases. 

It would seem more logical for the 
man proving the meter to record the 
prover reading. 

If the accuracy of the meter is de- 
sired for meter study, the “percentage 
of error” method may be used. 

If the correction is desired for bill 
adjustment, then the “percentage of 
correction” method may be used. 

For convenience, the accompanying 
table has been prepared to show the 
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percent of correction (or percent error 
in gas bill) versus percent error in 
meter. 

If averages (although they mean 
very little) are desired, the total of the 
prover readings compared to the total 
meter readings gives a more accurate 
figure than the averages of percent 
error. This also eliminates algebraic 
signs which may be confusing in mak- 


Expressing Meter Accuracy 


ing the calculations. There is also less 
chance of error if prover readings are 
used as records. 

The prover reading is the basic fig 
ure from which any method of calcula- 
tion must start. It seems advisable to 
make this a permanent record. 


From ‘‘Rockwell Gas Meter Repair Manual.’ 
Reproduced by permission of Rockwell Manu- 
facturing Company, Pittsburgh, Pennsylvania 





TABLE FOR CHANGING PERCENTAGE OF ERROR TO PERCENTAGE OF CORRECTION 
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Per Cent Error 














In Meter Per Cent of Correction (Or Per Cent Error in Gas Bill) 

0 00 01 02 03 04 05 06 07 08 09 

1 0 11 2 13 14 15 16 t7 2 19 

2 20 2.3 2.2 22 24 24 2.5 26 27 28 

3 2.9 30 3:4 3.2 ..3 34 3.5 3 6 37 38 

4 28 39 40 41 42 43 44 45 46 47 

5 48 49 50 50 §.1 52 §.3 5.4 55 56 

6 5.7 58 5 8 5.9 60 61 62 63 64 65 

7 6 6 66 67 6 8 69 70 7.1 re » ie 73 

8 7.4 7.5 7.6 er 78 78 7.9 80 81 82 

} 8 3 84 8.4 85 86 87 88 8.8 89 90 

w 10 91 92 93 9 3 94 9.5 96 9.7 98 98 
ti 1 99 10 0 10 1 10 2 10 2 10 3 10.4 10 5 10 6 10.6 
Gi 12 107 10 8 10 9 11.0 11.0 14.3 1.2 11.3 11.4 11.4 
= 13 11.5 11.6 a7 1.7 11.8 19 12.0 12.0 121 12.2 
- 14 12 3 12 4 12.4 12 5 12 6 2 F 12 7 12 8 129 13.0 
a 15 0 13.1 13 2 mS 13 4 13 4 13.5 13 6 13.6 13.7 
* 6 38 13.9 14.0 14.0 14.1 14.2 14.2 14 3 144 14.5 
17 14.5 14.6 14.7 147 14.8 14.9 150 15.0 15.1 15.2 

18 15 3 15 3 15 4 18.5 15 6 15 6 15.7 15 8 15 8 15.9 

19 160 16.0 16.1 16 2 16 2 16.3 16.4 165 16.5 16 6 

20 16.7 16.7 16 8 16.9 17.0 17.0 17.1 ‘7.2 ee 17 
4 17.4 17.4 17.5 17.6 17.6 17.7 17.8 17.8 17.9 18.0 
22 18 0 18.1 18.2 18 2 18.3 18 4 18.4 18.5 18 6 18.6 
23 18.7 18 8 18 8 18.9 190 190 191 19 2 19 2 19 3 
24 19 4 19 4 19 5 19 6 19 6 19 7 19 8 19 8B 19 9 19.9 
25 0 0 0 1 20.1 20.2 20.3 20 3 20 4 20 4 20 5 20 6 

0 Py | 4 s 4 5 6 7 8 9 

8 Per Cent of Correction (Or Per Cent Error in Gas Bill) 

0 00 01 02 03 04 0.5 06 07 08 09 

1.0 v4 2 13 1.4 15 1.6 i 18 19 
? 2 0 2.1 2.2 2.4 24 2.6 ae 28 2.9 3.0 

3 3.1 ws 3 3 3.4 3.5 3 6 37 3 8 40 40 

4 42 4.3 44 45 46 4.7 48 49 5.0 5.2 

5 5.3 54 6.5 5 6 5.7 5 8 59 60 6 2 6 3 
6 64 65 6 6 67 68 70 71 72 7.3 7.4 

7 7.8 7.6 78 79 8 0 81 8 2 83 84 8 € 

87 8 8 89 9.0 92 93 94 95 96 98 
9 99 10.0 10.1 10 2 10 4 05 10 6 10 7 109 11.0 

w 10 104 11.2 114 11.5 116 1437 11.8 120 12.1 12.2 
ti 11 12.4 12.5 12 6 2:7 129 13 0 13.1 14.2 13.4 13 5 
G 12 13 6 13.8 13.9 40 142 14 3 44 145 14.7 14 8 
2 13 14.9 151 5.2 13:3 15.5 15 6 18.7 159 160 16 1 
= 14 16.3 16 4 16 6 16.7 16 8 17.0 17.1 17.2 17.4 17.5 
° 15 17.6 17.8 17.9 18.1 18.2 18 3 85 18 6 18.8 18 | 
™ 16 19. 0 19 2 19 3 19 5 19 6 19 8 199 20 0 20.2 20 3 
17 20.5 20.6 20 8 20 9 24.1 21.2 21.4 21.5 21.6 21.8 

18 22.0 22.1 22.2 22.4 22 5 22 7 22 8 23 0 23.2 23 
19 23 4 23.6 23 8 23.9 24.1 24 2 24.4 245 24.7 24.8 
20 25 0 25 2 25 3 25.5 25 6 25 8 259 26.1 26.3 26 4 

21 26.6 26.7 26.9 27.1 27:2 27.4 27.6 27.7 27.9 28 ( 

22 28 2 28.4 28 5 28.7 28 9 29 0 29 2 29.4 29 5 29 

23 29 9 30 0 30 2 30 4 30 5 30 7 30.9 31.1 31.2 31.4 

24 31.6 31.8 319 7 a 32.3 32 4 32 6 32.8 33.0 33 

25 33.3 3.5 33.7 33.9 34.0 34 2 34 4 34 6 34.8 35 





F XAMPLE: Assume a per cent error in meter which from test was 4.2% fast and a gas bill to be corrected of $17.00. 
It will be noted from the above table that with this per cent error in meter the gas bill is 4% too high 
Then 4% of $17.00 is 04 x $17.00 or $0.68 too high 
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standard temperature. 





Observed reading of barometer in inches 


REDUCTION OF BAROMETRIC READINGS 


s table gives the corrections in inches of mercury to convert 
readings at various temperatures to readings at 


30 





°F 25 26 27 28 29 
0 +0.063 +-0.065 +0. 068 +0.070 +0.073 +0.074 +0.078 
2 +0.058 +0.061 +0. 063 +0.065 +0.068 +0.070 +0.073 
4 +0 .054 +0.056 +0.058 +0.061 +-0.063 4-0). 065 +-(). 067 
6 +-0.049 +-0.052 +0 .054 +-0.056 +0.058 +-0.060 +0. 062 
S +0.045 +0).047 +0.049 +0.051 +0.053 +0.054 +0.056 
10 +0.011 +0.042 +0.044 +0.046 +0.047 +-0.049 +0.051 
12 +0.036 +0.038 +0.0389 +0.041 +0.042 +0).042 +0.045 
i4 +0.032 +-0 .033 +0.035 +0.036 +-0.037 +0.039 +-0.040 
16 +-0.028 +-0.029 +0.030 +0.031 +-().032 +0.033 +0.034 
18 +0.023 +-().024 +-0).025 +0. 026 +0.027 +0 .028 +0.029 
) 20 +-0.019 +0.020 +0.020 +-0.021 +0.022 +0.023 +0.024 
22 +0.014 +0.015 +0. 016 +0.016 +0.017 +0.017 +0.018 
24 +0.010 +0.011 +-0.011 +0. 011 +-0.012 +0. 012 +-0.013 
26 +(0.006 +0.006 +0.006 +0.006 +0.007 +0.007 +0. 007 
28 +0.001 +0. 001 +0 .001 +0.002 +-0. 002 +0. 002 +0. 002 
‘ 30 —0.003 -0) .003 0.003 —0.003 -0.003 —0.004 0.004 
32 —0. 007 —0.008 —). 008 0.008 -0.009 —0). 009 -0.009 
3 —(). 012 0.012 -0.013 -0.013 0.014 —0.014 -0.015 
36 -0.016 —0.017 —0.017 -). 018 -0.019 -0.019 0.020 
38 0.020 0.021 0.022 —0.023 -0 024 —0.025 —0. 026 
40) 0.025 0.026 0.027 0.028 0.029 —)._ 030 0.031 
42 0.029 0.030 —0,032 0.033 —().034 —0). 035 -0.036 
44 —0.033 0.035 —)).036 0.038 —0).039 -0.040 ~0.042 
46} 0.038 0.039 -). 041 0.043 —) 044 —). 046 0.047 
48 0.042 0.044 —).046 0.047 -0.049 -(). 051 —). 053 
50 0 046 0.048 0.050 0.052 0.054 0.056 0.058 
52 0.051 0.053 -0.055 0.057 -0.059 0.061 -0.064 
54 0.055 0.057 -(), 060 0.062 0.064 ).067 0.069 
6 0.060 0.062 -(). 064 0.067 0.069 0.072 0.074 
8 —(). 064 0.066 0.069 0.072 —(). 074 —(). 077 0.080 
60 0.068 0.071 0.074 0.077 0.080 0.082 0.085 
(2 0.073 -(). 076 0.079 0.082 0.085 -),. 088 0.091 
64 0.077 0.080 0.083 0.086 0.090 0.093 0.096 
66 —). 081 -0.085 —(). 088 0.091 -0.095 0). 098 0.101 
68 0.085 -). 089 -(). 093 0.096 —). 100 -). 103 -0.107 
0 0.090 0.094 -).097 0.101 -0.105 0.109 0.112 
72 -).094 ).098 0.102 0.106 0.110 —0.114 0.118 
74 —() 098 0.103 0.107 0.111 -0.115 —.119 0.123 
76 0.103 0.107 0.111 0.116 0.120 0.124 0.128 
78 0.107 0.112 0.116 0.120 0.125 0.129 0.341 
80 0.111 0.116 0.121 0.125 0.130 0.135 0.139 
82 0.116 0.121 0.125 0.130 0.135 0.140 0.145 
84 0.120 0.125 0.130 0.135 0.140 0.145 0.150 
RA —0).124 0.130 0.135 0.140 0 145 0.150 —0.155 
88 0.129 0.134 0.139 0.145 0.150 0.155 —0.161 
40 0.133 —(). 138 0.144 0.150 0.155 0.161 0.166 
12 0.137 —0.143 0.149 0.154 0.160 0.166 0.172 
94 —().142 ~0).147 0.153 0.159 0.165 0.171 0.177 
96 —0. 146 —(). 152 —0.158 0.164 0.170 —0.176 0.182 
98 —0.150 0.156 -0. 163 0.169 0.175 0.181 0.188 
100 0.154 —0.161 —0. 167 0.174 0.180 0.187 0.193 
’ - 
= : —— 
oe From Table 44 of Smithsonian Meteorological Tables, 1939 
— Example: 
Observed height of barometer = 29.502 
9 Attached thermometer, 68 degrees F. 
9 Reduction for temperature = 0.105 
0 siniieiceamniares 
0 Barometer reading corrected for temperature = 29.397 
3 
a 
b 
8 
0 
ATMOSPHERIC PRESSURE 
This table is compiled from elevations and normal atmospheric 
pressures at United States Weather Bureau stations. 
3 Elevation Inches Pounds Elevation Inches Pounds 
a In feet mercury absolute in feet mercury absolute 
30.00 14.73 2000 27.90 13.70 
op 29.89 14.68 2500 27.39 13.45 
».4 2 29.78 14.63 3000 26.90 13.21 
3 ‘ 29.67 14.57 3500 26.41 12.97 
) 4 29.56 14.52 4000 25.93 12.74 
es 5 29.45 14.46 4500 25.46 12.50 
3 6 29.34 14.41 5000 25.00 12.28 
-) 8 29.13 14.31 5500 24.54 12.05 
al 10\ 28.93 14.21 6000 24.10 11.84 
15 28.41 13.95 6500 23 . 67 11.63 








With permission, from 


**Measurement of Gases.’’ Copyright 1936 


American Meter Co 


Location 
Abilene, Tex. 
Albany, N. Y. 
Amarillo, Tex. 
Asheville, N.C. 
Atlanta, Ga. 
Atlantic City, N. J. 
Austin, Tex.. 


Baker, Ore 
Baltimore, Md. 
Binghamton, N. Y. 
Birmingham, Ala. 
Bismarck, N. Dak.. 
Boise, Idaho 
Boston, Mass 
Brownsville, Tex. 
Buffalo, N. Y. 
Burlington, Vt 


‘airo, Ill. 
‘harleston, S. C. 
‘harlotte, N.C. 
‘hattanooga, Tenn. 
heyenne, Wyo. 
hicago, Il. 
‘incinnati, Ohio 
‘leveland, Ohio 
‘olumbia, N. C. 
‘olumbus, Ohio 
‘oncord, N. H. 
‘orpus Christi, Tex. 


Dallas, Tex 
Dayton, Ohio 
Del Rio, Tex 
Denver, Colo. 
Des Moines, lowa 
Detroit, Mich... 
Dodge City, Kan. 
Dubuque, Iowa 
Duluth, Minn. 


Elkins, W. Va. 
El Paso, Tex. 
Erie, Pa. 
Evansville, Ind. 
Fort Smith, Ark. 


Fort Wayne, Ind. 
Fort Worth, Tex. 


Grand Rapids, Mich.. 


Harrisburg, Pa. 


Eleva- 
tion in 
feet 
above 
sea 
level 


Average 


atmos- 
pheric 


pressure 
pounds 


85 
70 
90 
62 
16 
72 


43 


Location 
Hartford, Conn. 
Helena, Mont. 
Houston, Tex. 
Indianapolis, Ind. 
Kansas City. Mo. 
Keokuk, Iowa... 
Knoxville, Tenn. 





Lander, Wyo. 
Lincoln, Neb. 
Los Angeles, Cal. 
Louisville, Ky. 
Madison, Wis. 
Memphis, Tenn. 
Miami, Fla.... 
Milwaukee, Wis... . 
Minneapolis, Minn. 
Montgomery, Ala. 


Nashville, Tenn. 
New Orleans, La. 
New York, N. Y. 
North Platte, Neb. 


Oklahoma City, Okla.. 


Omaha, Neb. 
Parkesburg, W. Va. 
Philadelphia, Pa. 
Pittsburgh, Pa 
Pocatello, Idaho 
Pueblo, Colo. 
Rapid City, S. Dak 


Reno, Neb. 
Rochester, N. Y. 
Roswell, N. Mex 
Sacrz .aento, Cal. 

St. Louis, Mo. 

St. Paul, Minn 

Salt Lake City, Utah 
San Antonio, Tex 
San Diego, Cal. 


San Francisco, Cal. 
Santa Fe, N. Mex 
Seattle, Wash. 
Shreveport, La. 


Spokane, Wash. 
Syracuse, N. Y. 
Toledo, Ohio 
Washington, D. C. 


Yuma, Ariz. 


Eleva- 
tion in 
feet 
above 
sea 
level 
159 
4110 
138 
822 
963 
614 


995 


5372 
1189 
338 
525 
974 
399 
25 
681 
918 
223 


ALTITUDE AND ATMOSPHERIC PRESSURE 


This table from the United States Weather Bureau gives altitudes 
and average atmospheric pressures. 


Average 
atmos- 


phe 


ric 


pressure 
pounds 


Oonwwtanwk ovo 
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MERCURY VACUUM — ABSOLUTE PRESSURE 


Based on atmospheric pressure of 14.4 pounds and mercury 
at 32 degrees F. 


Inches 





Inches Pounds per 

mercury mercury square inch 

vacuum absolute absolute 
1 28 32 13.91 
2 27.32 13.42 
3 26.32 12.93 
4 25.32 12.44 
5 24.32 11.94 
6 23.32 11.45 
7 22.32 10.96 
§ 21.32 10.47 
9 0.32 9.98 
10 19.32 9.49 
Il 18.32 9.00 
12 17.32 8.51 
13 16.32 8.01 
14 15.32 7.52 
15 14.32 7.03 
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Inches 





Inches Pounds per 

mercury mercury square inch 

vacuum absolute absolute 
16 13.32 6.54 
17 12.32 6.05 
18 11.32 5.56 
19 10.32 5.07 
20 9.32 4.58 
21 8.32 4.09 
22 7.32 3.59 
23 §.32 3.10 
24 5.32 2.61 
25 4.32 2.12 
26 3.32 1.63 
27 2.32 1.14 
28 1.32 0.65 
29 0.32 0.16 
30 








Selection of meters for domestic and small commercial loads 
should be made with regard to several factors: 

1. Meter Capacity. Meter or meters should be selected to 
deliver either a design load or a rated connected load. Meter 
capacities in the tables accompanying this section should be 
used when metering at pressures up to 7-in. w. c. (4 oz.). When 
metering is to be done at higher pressures, manufacturers’ rec- 
ommendations or data developed by individual company meas- 
urement or engineering departments should be followed. 

2. Space requirements, Occasionally, available space will be 











Estimating Demand Per Hour 
In sizing meters, an estimate of total probable demands 5 3 
considered a reliable method. The Table of Maximum Appliance 
Consumption is of help in arriving at this estimate. Where a; 
pliances carry badged ratings, such ratings should be used. The 
table should be revised for each locality to include kinds and 
types of appliances generally used. Where automatic equipment 
is used, 100% of the ratings should be used in estimating, and 
for all other appliances a 70% factor may be used. 
Estimated maximum demand per hour can be determined as 

















a rye in selecting the type of meter or meters to be used. follows: 

3. Nature of customer’s use. Maximum Demand 0.70 A + 1.00 B 

4. Available meter stocks. i see oe C 

5. Operating pressure. on we _ 

In selecting any meter by use of the capacities shown in the pecans eae a Ee Re ene 
accompanying tables (or other tables or curves developed by epg senha tei “ of all pte : me at - I 
individual companies), consideration must be given to the type Cc Btu ane 6 ve ott ter greens sertir ia ret 
of load. If load remains at or near peak load, a substantial cet Mt Sagar. or a : eaten adie sii 
part of the operating time, and rated capacity of the meter is Pie i “ae : alia ve a “ec . ‘an " a ead s An 
about the same as the load, the next larger meter should be a a ae ee oe ee gee eh ne 

lected Btu per cu ft natural gas: 

ea Tee bien siiitchibatihdaaiaiasieeaidaiiaieanpdiaaiceciaiel I 
Likewise, while it is important that a meter of sufficie, t capac- Ratios ay ee 

ity be installed, it is also important from the standpoint ot Appliance Btu per hour Btu per hour 

economics not to use a larger, more expensive meter than is ; 

necessarv. Range (4 burner)............. 62,500 

bi - MDARCOIDBALER ors ereaseaee-. 20,000 

Selection of Meter Location / ee eee ree 15,000 ‘a 
Meter location and installation varies considerably with com- —_—_— 

panies and localities. In general, a good meter location fulfills 97,500 at 70% 68,250 

the following requirements: Instantaneous : 

1. Ease of reading and inspection. egg wig ela lle aala reget 

2. Accessibility for turn-on, shut-off, change, or removal. ot water boiler........... = N 

3. Protection against moisture, corrosive substances, extreme 330.000 at 100% 230.000 

high or low temperatures. electric sparks, and accidental ; ’ sist 
damage. 398,250 

4. Adequate ventilation. —— — 

5. Minimum length of exposed piping. The total demand in cu ft per hour is 398,250 or 398 cu ft 

6 Does not detract excessively from appearance of: cus- 1000 — 

tomer's property. ' ; per hr. As this is almost 400 cu ft per hr, a meter of that capac- 

Outside set meters should be located, in order of preference. ity may be chosen. If there is a possibility that the load might 
on the inactive side of the house, or in front of the house, or at operate at the tota! demand for long periods, a slightly larger 
he rear of the house . 
tne rear of the house. ; meter, e.g.. of 415 or 425 cu ft per hr rated capacity, may be 

Where two or more meters are to be located on a particular installed. 
premise, they should be located as close together as practical. D + as 

; 4 rmin f ter to Install 
If meter is to be located in an alley or driveway, it should be at es oe Type “4 ine gellny amg i 
, . rer Many utilities use both tincase and hardcase (iron or alumi- 
such a height that it is free of the hazards of traffic. Meters ae : 

. : jaca num) meters in their systems. 

can also be elevated on the side of buildings, or a permanent : mR =e epee 

. Hardcase meters are used wherever meters are installed out- 
guard made of pipe can be placed around the meter. Such prac- : . . ae - 

4 is : : : of-doors and in any case where tincase meters should not be 

tices vary according to locality and necessity. ae - 4 

siintiteiniditinmestniiaaias als used. Many companies are standardizing on hardcase meters 

P ° ° due to ease of repair, less repairman training required, etc.. 
Table of Maximum Appliance Consumption especially in areas where most new construction is basementless 
p y : 
Appliance Btu’s per hour and meter sets are being made outside. 
; Tincase meters are used for installations where the meter 

Domestic ranges seas : : : 

Ton burners 910.000 can be placed inside, with certain exceptions: 

Gient —_ ~ 42'000 1. In areas subject to frequent flooding. 

Bids kbd k SESE oo bebe os ; ia : 
| eS SRR Gh Es A eaters 16-18,000 2. In areas where existing installations are predominately 

NE EE IR Toe 5,000 hardcase meters. 

Water heaters 3. Where pressure in service line exceeds 5 psig (or a pre- 
DER Soe vba es sesvben daeenes Se emrne : 20,000 determined pressure limit set by company practice. ) 
RSS teen rer cers ee ee 30-35,000 Diversity Factors 
RN at Nod icis cx weiss tasers & 55,000 : : : me — 

Space heaters The diversity load factor is used in determining the correct 
Per single candle...................4. 2,000 pipe size to use in multi-family dwellings served from a single 

4.000 meter, and in determining the correct size of meter to use for 

Pee MEINE WRENEIID, wn cece ace evces : 

Incinerators such service. 

Constant burning type.............-.. 2,000 This factor is commonly considered a percentage of the total ME 

. ae Seah Pe eink eteebaales’s 15,000 connected load in use at any one time, and is dependent wpon 
I 4 seep (Commercial) settee reece renee 25,000 the number and types of gas appliances installed. 

"a — 20.000 The diversity factor shown in the accompanying graph, rep- 
Cabinet ieee ee pre eh nee 35,000 resenting One company’s experience, is based on a minimum : 

Circulating PES nc. Sb navnneds Use rated input average daily temperature of 20 F. The diversity factor can 

Central heating plants be used when the number of dwelling units is known. Maxi! 1um 
RES ere raya ee Use rated input gas consumption in cu ft per hr that must be provided is + jual 
ESE eee eer ee Use calculated input to the product of the total connected load in cu ft per hr multi- 

NOTE: This table furnishes the ratings of most of the appliances that have plied by the diversity factor found on the graph. 

been sold in the last few years. Where appliances carry badged ratings, Example: The following illustrates the use of the dive'sil) 

such ratings should be used. For older appliances, best estimate of gas factor on the design of a piping installation and in sizin: the 


requirements will be sufficiently close for this purpose. 
sinaiieta iameaiat meter. 
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\ssume that four buildings each having five dwelling units 
are to be built and gas piping is to be installed as shown in 


the plan; each unit has a total connected load of 200 cu ft per 
hr. Maximum gas consumption for which each line should be 
designed and size of meter are determined as follows 
































Five Five 
Units = | "| units 
a 
Five i Five 
Units ~ . 7 Units 
6 
oO 


Lines 1, 2, 4 and 5 


Meter 











\. Total connected load = 5 x 200 = 1000 cu ft per hr 
B. Diversity factor for 5 units (see graph) = 1.0 or 100% 
C. Maximum gas consumption to be provided: 


1000 « 1.0 = 1000 cu ft per hr 


Line 3: 


A. Total connected load = 2 


< 1000 = 2000 cu ft per hr 


B. Diversity factor for 10 units (see graph) = 0.78 or 78% 
C. Maximum gas consumption. to be provided: 


2000 x 0.78 = 1560 cu ft per hr 


DIVERSITY FACTOR 


0.3 


Line 6: 
Total connected load = 4 x 1000 = 4000 cu ft per hr 
B. Diversity factor for 20 units (see graph) = 0.63 or 63% 
Maximum gas consumption to be provided: 


A. 


a 


4000 


Meter Sizing 
Meter selected should have sufficient capacity to handle 2520 
cu ft per hr at the predetermined pressure drop. 


NUMBER OF DWELLING UN/TS 


< 0.63 = 2520 cu ft per hr 








Tincase Meter Data 


Mfr: American 


Rated capacity 
in cu ft per hr 


Model or size 14” w.c. 
5-B 150 
10-B 300 
20-B 450 
30-B 600 
60-B 1300 
100-B 1800 
200-B 3200 
5-M 210 
5-M 250 
5-M 300 
10-M $25 
30-M 900 
6H0-M 1700 
20-A 600 
150-A 3400 
§-C 600 
11-C 1100 
25-C 2500 
10-C 4000 
H0-C 6000 
W-75 75 
W-175 175 
W-210 210 
W-250 250 
W-300 300 


Mfr: Rockwell 


2” w.c. 
300 
600 
900 

1,200 
2,600 
3,600 
6,400 


$2() 
500 
600 
S50) 
1,800 
3,400 


1,200 
6,800 


1,200 
2,200 
5,000 
8,000 
12,000 


360 
425 
510 
615 


Rated capacity 
_in cu ft per hr 





Movel or size 1o” wc. 
-150 150 
-200 200 
-250 250 
-300 300 
}-300 300 
)-425 425 


1-500 500 


2” w.c. 


300 
400 
500 
600 


600 
850 
1,000 


Mfr: Superior 


Rated capacity 
in cu ft per br 


Model or size oO" wc. 
5-A 210 
5-AA 250 
5-AA 300 
10-A 404) 
20-A 600 
30-A 900 
60-A 1500 
5-B 150 
10-B 300 
20-B 150 
30-B 600 
60-B 1300 
6-C 600 
11-C 1100 
25-C 2500 
40-C 4000 
60-C 6000 
75-C 7500 
2-7 80) 
2-T 100 
2-T 140 
5-T 150 
5-T 210 
5-T 250 
5-T 300 
10-T 300 
10-T 400 


2? wee 
420 

500 

600 

SOO 
1,200 
1,800 
3,000 


300 
600 
900 
1,200 
2 600 


1,200 
2,200 
5,000 
8,000 
12,000 
15,000 


300 
420 
500 
600 
600 
SOO 











Hardcase Meter Data 


Mfr: Sprague 


Maximum 
working 
pressure 

Model or size psi 
175(1-A) 5 
175C(1-C) 5 
240 5 
305(2) 5 
400(3) 5 
675(4) 15 
5 5 
1000(5-A a 
7 N.A. 
20 N.A 


Low pressure 
capacities, cfh 


15” w.c. 


175 
175 
240 
305 
400 
675 
856 
1000 
5000 
16,000 


2” w.c. 


350 
350 
480 
610 
800 
1,450 
1,710 
2,000 
10,000 
32,000 


Mfr: American 





Maximum 
working 
pressure 

Model or size (psi 
5-B 5 
AL-175 5 
5-B-225 a 
AL-250 5 
10-B 5-100 
20-B 10 
25-B 10-250 
AL-425 10 
30-B 15 
35-B 15-100 
AL-800 20 
60-B 20-100 
80-B 20-250 
250-B 75-250 
500-B 75-250 


Mfr: Rockwell 


Maximum 
working 
pressure 

Mode or size psi) 
150 (00*) 5 
175 (0*) 5-50 
250 5-10 
5 
310 5-10 
Y ig 10 
415 10 
750 20 
1600 (800*) 100 
24 20-1000 
3 20-500 
3000 100 
+ 20-500 
5000 100 
414 75 
5 50 
10,000 100 


*No longer in production 


Mfr: Superior 


Maximum 
working 
pressure 

Model or size psi) 
175 5 
250 5 


340 5 
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Low pressure 
_ capacities, cfh_ 











16” we. 2” w.c. 
175 370 
175 370 
225 450) 
250 500 
250 570 
350 700 
400 900 
425 900 
550 1,100 
650 1,500 
800 1,700 
950 2,000 

1200 2,500 
3000 6,000 
4800 10,000 


Low pressure 
_capacities, cth 





lo” wc. 2” w.c. 
150 300 
175 350 
250 500 
275 550 
310 620 
415 830 
415 830 
750 1,600 
SOO 1,600 
950 2,000 

1200 2,500 
1450 3,000 
2250 5,000 
2250 5,000 
3500 7,000 
5000 10,000 
5000 10,000 


Low pressure 
capacities, cfh 


16” w.c. 2” w.c. 
180 360 
255 510 
350 700 

14] 






















































The new Superior 
ALUMINUM 
GASE METERS 


...1n 175 cfh, 250 cfh, and 340 cfh sizes 
to meet most domestic requirements. 


The newest meter on the market...a unique 
combination of time-tested advances in domestic 
meter construction. Outstanding long life and ac- 
curacy are built into this meter...from the 
double-adjustable tangent to the cast-in bottom 
bearings. Service and maintenance are remarkably 
easy, too. All internal parts are assembled to the 
valve table and can be removed as a unit for rapid 
inspection. Index and index box can be removed 
independently without touching the meter cover 
or any other parts; this feature permits on-the- 
site replacement of either part. New index stuffing 
box construction is extremely simple... practi- 
cally eliminates leakage in the field. 


Get full details. Send for bulletin 1150H. 


Simple, horizontal seam... elimin- 
ates leakage...easier maintenance. 
Easily accessible table . . . just re- 
move the screws holding top. 
Meter top removable without tak- 
ing off index box. 

Valve seat readily accessible for 
grinding when top is removed. 

New carriage bearing construction 
permits maximum support of di- 
aphragm throughout entire stroke. 
Seam gasket stays resilient... 
cork and Buna-N composition. 
Valve table lifts out with entire 
mechanism. 

Heavy-duty, sintered bronze bear- 
ing oil-impregnated for life. 


Flag arrangement gives arm 
smoother operation and longer life. 


Gall-proof and corrosion resistant 
steel spuds are die-cast in meter 
body. 


Cupped handling lids permit easy 
and safe carrying. 


Handy access for tangent adjust- 
ment and calibration. 


Broad base for solid stacking... 
designed for conveyorized han- 
dling. 


Index and index box can be re- 
placed on-the-site without touching 
any other parts. 





BRANCH OFFICES 


Atlanta + Brooklyn « Chicago » Columbus « Dallas » Denver + Los Angeles + Louisville * North Kansas City, Mo. 


Philadelphia Area (Bala-Cynwyd) + Portiand 


IN CANADA 


Neptune Meters Ltd. - Toronto «+ Calgary » Halifax » Montreal +» Vancouver + Winnipeg 


© 
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SUPERIOR GAS METERS 
inned Steel Case Meters 


DURABLE TOBIN 
BRONZE LINKS 


CLOSED TOP CONSTRUCTION: 
Tinned steelplate mounting 
stand protects valves and 
working parts from gums, 
dirt and other foreign mat- 
ter commonly found in cer- 
tain gas conditions. 
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LONG LASTING, 
BRONZE BUSHINGS 


STURDY FLAG ROD 


HEAVY DUTY LONG 








FRICTION WEARING TANGENT 
ELIMINATING OPEN TOP CONSTRUCTION: 
FFING BOX | i 
STU PRECISE, LONG oe = oa con 
WEARING NOISE- I ions. a ves an moving 
LESS VALVES parts immediately accessible 
CLEAR, EASY TO under casing cover. Permits 
READ INDEX easier maintenance, faster 
HEAVY GAUGE servicing, quicker “0.K.’s.” 
TINNED STEEL 
TABLE 
STRONG, FULL WIDE, UNOBSTRUCTED 
SPAN FLAG CHANNELS Dp 2 A O 
capaci P Ne’ fens i ; Proving — 
acity | Pipe t [Cen 0 Top 
in C8. Ft. |Size- |Weight {Center of Jof Pipes | Head-} Per 
ONE PIECE SPOT WELDED Size | Per Hr. s |Pounds| Pipe-in. | Inches | Feet | Foot 
DIAPHRAGM DIAPHRAGM RINGS ; ; ” 
CARRIAGE 5 200 | % | 1sy] WH% 16%, ; 6 
5 250 | % 15% | 1 16%, 6 
HIGH QUALITY, , a Me : me i 
SEASONED TYPE 5 300 Y 15% 1 1%, 16%, 
DIAPHRAGMS 10} 400 | % | 23%] 13% | 18% s | 3% 
ééare 
A 20 600 | 1 40%, | 16% 22 é 2 
CORROSION-RESISTANT 30 900 11% 474 18% 20%, 5 1% 
a 60 | 1500 [1% [118 25% 33% 20 Y 





STURDY, TINNED STEEL 


cecal 5 150 % 154% 11K, 16%, 


Le 2 
y TYPE 10] 300 | % | 23%] 139% | 18% 5 | 3% 
20} 450 |1 34 16% | 22 5 | 2% 
“BR” 5 v. 


30 600 1% 47\4 18% 26% 









































60} 1300 |1% [117 24 31% 10 % 
Superior manufactures a complete line of Tinned-Steel case 6| 600 11% [as | 1% | 19% | 10 | 1% 
gas meters from 80 to 7500 cfh. designed to enable meter Type || 1 2 poe | 9% | 27% wo} % 
supervisors to meet the specific requirements of their area 25} 2800 |2% [196 | 25% | 34 | 20 | 
. ua as 
Widel d. sl : dieols T B C 40} 4000 |3 215 29% | 38%] 50 4 
Videly-used, slow-operating diaphragm Type B meters . . . ah amwle bed oo Lae & 
higher capacity Type A meters . . . heavy duty, large capacity 73| 7500 |4 |eo | 36 | 43% 1100 | Yo 
Type C meters, and open-top Type T meters for clean‘ gas 
conditions. All are designed and manufactured for depend- 
bl i i i : 2 80 | % 8.3 7% 12% 1 | 20 
able sustained accuracy, easier repairs and lower main- 
2} wo} % 8.3 7% | 12%, 1 | 20 
Write today for Bulletin 1100-H. ree} °| '” % | 1%] 1% | WX] 2] 6 
5} 210 | % | 15%] We | 16% 2 6 
“T” | si 201 % | 4] W% | OH] 2] 6 
Nationwide 5s} 20 | % | 4) HG) eT 2 
wo] 300 | % | 23%) 3% | 18% s | 3% 
Sales and iol «25 | % | 2%} 19% | w%l st 3% 
Service 


SUPERIOR METER DIVISION 
NEPTUNE METER COMPANY 
167 = 41st Street, Brocklyn 32, N.Y. 


for a better / measure of profit 
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Gas meters always measure the gas at line pressure. It is 
not always practicable to reduce the pressure and measure the 
gas at low pressure. In many instances it would be necessary 
to compress the gas again to transmit it to the point of con- 
sumption. 

Meters for high pressure service have the same measuring 
mechanism as those employed for low pressure. The only 
difference is in the strength of the case. 

If the line pressure does not remain constant, it is neces- 
sary to equip the meter with a recording volume and pres- 
sure gage in order to arrive at the correct base or selling 
pressure. The correct volume is computed from the gage 
chart and a pressure table. 

If the line pressure remains constant, a pressure and volume 
gage is not necessary. The correct pressure factor may be 
taken from the table and applied directly to the meter reading. 

The generally accepted average atmospheric pressure is 
14.4 psi. Gage pressure is the difference between the abso- 
solute pressure and the atmospheric pressure, viz., the abso- 
lute pressure equals the atmospheric pressure plus gage pres- 
sure. Absolute pressure must be used in all gas calculations 
involving the gas laws. 

The method of converting volume measured at high pres- 
sure to volume at a base or selling pressure is as follows: 

Q=qx Kop 


Where: 
Q = quantity in cu ft at base pressure 
q = cu ft registered by meter, index reading 
K,» = pressure base factor read from table below 


Example: 
Given: Meter index reading = 215,512 
Atmospheric pressure = 14.4 psi 
Base pressure = 4 oz 
Gage pressure = 45 psi 


Then: in the table under “Base pressure 4 0z” read the 
constant for 45 psig, which is 4.055. 


The volume measured at sales pressure then: 
= 873,901 cu ft 


If the pressure varies, it is necessary to employ a recording 
volume and pressure gage. An average pressure for the vol- 
ume measured is calculated from the gage chart. This average 
pressure is then interpolated in table of pressure factors and 
the calculations from this point are identical to those em- 
ployed for a constant pressure. 





Pressure Factors for High Pressure Measurement 











Gauge Base pressure, pounds absolute Gauge Base pressure, pounds absolute 
pressure 14.65 14.9 15.025 16.4 pressure 14.65 14.9 15.025 16.4 
pounds (4 02.) (8 02.) (10 oz.) (2 lb.) pounds (4 02.) (8 02.) (10 oz.) (2 lb.) 
0 0.983 0.966 0.958 0.878 38 3.577 3.517 3.488 3.195 
| 1.051 1.034 1.025 0.939 39 3.645 3.584 3.554 3.256 
2 1.119 1.101 1.092 1.000 40 3.¢13 3.651 3.621 3.317 
3 1.188 1.168 1.158 1.061 41 3.782 3.718 3.687 3.378 
4 1.256 1.235 1.225 1.122 42 3.849 3.785 3.754 3.439 
5 1.324 1.302 1.291 1.183 43 3.918 3.852 3.820 3.500 
6 1.392 1.369 1.358 1.244 44 3.986 3.919 3.887 3.561 
7 1.461 1.436 1.424 1.305 45 4.055 3.987 3.953 3.622 
8 1.529 1.563 1.491 1.366 46 4.123 4.054 4.020 3.683 
9 1.597 1.570 1.557 1.427 47 4.191 4.121 4.087 3.744 
10 1.666 1.638 1.624 1.488 48 4.259 4.188 4.153 3.805 
11 1.734 1.705 1.691 1.549 49 4.328 4.255 4.220 3.866 
12 1.802 1.772 1.787 1.610 50 4.396 4.322 4.286 3.927 
13 1.870 1.839 1.824 1.671 51 4.464 4.389 4.353 3.988 
14 1.939 1.906 1.890 1.732 52 4.352 4.456 4.419 4.049 
15 2.007 1.973 1.957 1.793 53 4.601 4.523 4.486 4.110 
16 2.075 2.040 2.023 1.854 54 4.669 4.591 4.552 4.171 
17 2.143 2.107 2.090 1.915 55 4.737 4.658 4.619 4.232 
18 2.212 2.174 2.156 1.976 56 4.805 4.725 4.686 4.293 
19 2.280 2.242 2.223 2.037 57 4.874 4.792 4.752 4.354 
20 2.348 2.309 2.290 2.098 58 4.942 4.859 4.819 4.415 
21 2.416 2.376 2.356 2.159 59 5.010 4.926 4.885 4.476 
22 2.485 2.443 2.423 2.220 60 5.078 4.993 4.952 4.537 
23 2.553 2.510 2.489 2.280 61 5.147 5.060 5.018 4.598 
24 2.621 2.577 2.556 2.341 62 5.215 5.128 5.085 4.659 
25 2.689 2.644 2.622 2.402 63 5.283 5.195 5.151 4.720 
26 2.758 2.711 2.689 2.463 64 5.352 5 .262 5.218 4.780 
27 2.826 2.779 2.755 2.524 65 5.420 5.329 5.285 4.841 
28 2.894 2.846 2.822 2.585 66 5.488 5.396 5.351 4.902 
29 2.962 2.913 2.889 2.6415 67 5.556 5.463 5.418 4.963 
30 3.031 2.980 2.955 2.707 68 5.625 5.530 5.484 5 .024 
31 3.099 3.047 3.022 2.768 69 5.693 5.597 5.551 5.085 
32 3.167 3.114 3.088 2.829 70 5.761 5.664 5.617 5.146 
33 3.235 3.181 3.155 2.890 71 5.829 5.732 5.684 5.207 
34 3.304 3.248 3.221 2.951 72 5.898 5.799 5.750 5.268 
35 3.372 3.315 3.288 3.012 73 5.966 5.866 5.817 5.329 
36 3.440 3.383 3.354 3.073 74 6.034 5.933 5.884 5.390 
37 3.509 3.450 3.421 3.134 75 6.102 6.000 5.950 5.451 
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GAS REGULATOR 


Model 57-S, a simple spring loaded regulator, operates on a new 








SIZE: 2"—3" —}"—6" diaphragm principle which will control accurately until the regulator 
- 125 Ib. iron—W. P. 175 psi is wide open. The outlet pressure “‘fall-off,’’ typical of spring regulators, 

250 lb. ductile—W. P. 400 psi is eliminated—not by an uncontrolled velocity effect— but by a 

Series 30 steel—W. P. 720 psi diaphragm which changes its size as the valve moves to give straight 


line control. For pounds-to-pounds service,—controlled pressures 
to 75 psi with same assembly. 


Luv tte detiizte./ 


Also, a new body design—441—with gas exit areas greatly enlarged to 
prevent turbulence and increase capacity. 

And to help in your visual inspection program—side inspection plates on 
both sides of the body have been included. Screwed-on with O-ring seal, 
they can be quickly removed and replaced—no gasket problem. Standard 
face-to-face aimensions now make the 441 interchangeable with other 
regulators. 





ACCURATE 





DEPENDABLE 


Chale Tellon 


MANUFACTURING COMPANY 
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Inspection Plates 
Both Sides. 
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Alignment Chart for Orifice Meter Calculations 
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Enxamprce: Example: : 
Given: Flange tap connections; pressure base 8 oz., 14.4 Ib.; Pipe size, Given: Pipe cap connections; pressure base, 14.4 lb.; pipe size, 4-in. 
12-in. std.; orifice dia., 614-in.; coefficient, 108.20 X 0.9 equal std.; pressure, 250 Ib. ga.; desired differential, 32 in., and desired 
10456.4; pressure, 200 Ib. ga.; and differential, 50 in. volume, 1000 Mcf per day. 
Required: Volume in Mcf per hour at 8 oz., 14.4 lb. Required: Proper orifice size. 


ae lines on chart for this example show volume equal Solution: Draw a line from 250 lb. on scale A to 32 in. on scale C. From 

: the intersection of this line on scale B, draw another line through 

Factors to change from pressure base of 14.4 psia 1000 Mcf on scale D until it crosses the coefficient scale E. Now divide 

to some other contract pressure base 10800 by 24 hours and obtain 450, the hourly coefficient. From the 

_—e i Sond New b " fact table of Basic Orifice Coefficients, the proper orifice diameter wi'! be 

se psia actor ew base psia rac or 114 in. 

Ss NOTE: This chart to be used in conjunction with Sheet 2 containing basic 

, orifice coefficients—pipe taps and flange taps. Key to chart 's 10 
upper left corner. 


—Chart by W. D, Parkes, United Gas Pipe Line Company. 


14.4 

14.4 + 4 oz 
30-in. Hg abs 
14.4 + 8 oz 
14.4 + 10 oz 


14.400 A 14.7 14.700 
14.650 . 14.7 + oz 14.825 
14.730 . 14.7 + oz 14.950 
14.900 -7 + 10 oz 15.325 
15.025 7 + lb = 16.700 








—— 
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the idea: 


Simplicity Is Basic To Efficiency 
and Economy 













One of the world’s first valves, plug cocks in- 
vented by the Chinese centuries ago, had only one 
moving part—the plug. Even the earliest craftsman 
recognized the fact that simplicity of design almost 
always means a device that works better, lasts 
longer and costs less to use. 





the application 


How It Helps Give You A Better Valve 


In the modern Rockwell-Nordstrom lubricated plug valve 
there are only three rugged, basic parts . . . plug, body and 
cover. The plug i is the only moving part. Compared to other 

valves, nothing could be simpler or more efficient. Yet the 
many advantages of simplicity are actually multiplied by 
lubrication in these valves. Pressurized lubrication jacks the 
plug, keeping it free for instant 14-turn operation. It also 
forms an instantly replaceable, impenetrable seal against 
leakage, and prevents metal-to-metal wear. 





































the benefits 


Longer Valve Life At Lower Cost... Buried Rockwell-Nordstrom valves (with water-tight 
aagie gear housings) stay trouble-free. Lubrication is pre- 
Leak-proof Sealing . .. Reduced Down ventive maintenance against repairs and down-time. 


Time... Completely Protected Seating 


The 6 million Rockwell-Nordstrom lubricated 
plug valves now used in a wide variety of indus- 
tries are translating these benefits into dollars and 
cents savings day after day. Rockwell-Nordstrom 
is the most complete line of lubricated plug valves 
(sizes from 14” to 36”; pressures to 15,000 Ib), lu- 
bricants and operating accessories. For practical 
help in solving your flow control problems, see 
your supplier or write: Rockwell Manufacturing 
Company, Dept. 103-H, Pittsburgh 8, Pa. Canadian 
Valve Licensee: Peacock Brothers Limited. If you 
live outside the U. S. or Canada, write: Rockwell 
International, $.A., Geneva, Switzerland. 


Lubrication Makes The Difference 





ROCKWELL-Nordstrom VALVES 


ROGKWELL© 








Design of Large Volume Gas Measurement Facilities 


THE measurement of the volume of gas delivered to large 
volume purchasers such as to secondary transmission sys- 
tems, cities (via city gate stations) power plants and large 
industrial plants, is usually accomplished by using one of the 
following installations: 


1. Positive displacement meters of large capacity, oper- 
ating singly or in multiple (two or more in parallel). 
Differential type orifice flow meters with simplex flow 
recorders, with or without automatic trip-over devices. 
By “simplex flow recorder” is meant a single range 
flow recorder (meters employing simplex flow record- 
ers are herein referred to as “simplex orifice meters”). 
Differential type orifice flow meter with duplex flow 
recorder in one orifice run, or in the first of several 
orifice runs with trip-over devices (using simplex flow 
recorders in the balance of the orifice runs). By “duplex 
flow recorder” is meant a dual range flow recorder 
which usually consists of two single range recorders 
acting together—one for low range operation, and one 
for high range operation (meters employing duplex 
flow recorders are herein referred to as “duplex orifice 
meters’). 

Positive displacement meters replacing the differential 
type orifice flow meter in the first run of a multiple 
orifice run installation, with trip-over devices. 


The type of metering equipment to be installed depends 
upon requirements to be met, particularly the requirements 
concerning maximum and minimum flow. 

Positive Displacement Meters are used singly or in parallel: 

1. Where minimum volume flows approach zero. 

2. Where maximum volume flows are comparatively 
small. 

Simplex Differential Type Orifice Flow Meters are used 
singly or in parallel: 

1. Where minimum volume flows to be measured are not 
too critical. 

2. Where maximum volume flows are comparatively large. 


Duplex Differential Type Orifice Flow Meters are used 
either alone or in parallel with simplex type meters: 

1. Where minimum volume flows to measured are more 
critical than can be handled on a simplex meter. 

2. Where maximum volume flows are comparatively large. 

Positive Displacement Meters are used in parallel with 
simplex differential type meters: 


1. Where minimum volume flows approach zero. 


2. Where maximum volume flows are comparatively 
large. 

A 100-in. simplex flow recorder is accurate over a 
range from approximately 6 to 96-in., and has a flow 
ratio of approximately 4 to 1. 

A 20-in. and a 100-in. flow recorder used in a duplex 
setting has a range from approximately 2 to 96-in. and 
has a flow ratio of approximately 7 to 1. 

A 10-in. and a 100-in. flow recorder used in duplex 
setting has a range from approximately 1 to 96-in. or 
a flow ratio of approximately 10 to 1. 


The flow ratios shown above will apply only to the first 
run in a multiple meter run installation inasmuch as allow- 
ances for proper operation of trip-over devices results in lower 
flow ratios for the succeeding runs. 


~-+uloped by John P. Evers, Mechanical Engineer, Ebasco Services, Inc., New York, 
New York, and R. W. Tirrell, Manager — Engineering Services and Drafting, Chemical 
Construction Corporation, New York, New York. 
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A positive displacement meter has a flow range from ze:o 
to the full capacity of the meter. For purposes of comparison 
with an orifice flow meter the positive displacement meter 
can be considered as a meter having a range from 0 to “6 
inches, and an infinite flow ratio. 

For each particular installation the engineer must select 
the most economical and efficient measurement equipment 
for the service intended. This involves the determination of 
minimum and maximum flows to be measured, the study of 
growth requirements, operating pressures, and other perti- 
nent facts. 


Orifice Flow Meters 

The basic formula for measurement of gas flow by an 
orifice meter is: 

—~ fees we ete 3. 
lini Qi V hy Pr (1) 

Q, = rate of flow at base conditions in cu ft per hr 

C’ = orifice flow constant 

h,. = orifice pressure differential in inches of water 

P; = absolute static pressure in psi 
In the above equation 

C’ = FLXP,XYXPFy, XFyXFyXF, XFxXF, » (2) 
Where: 

F,, = basic orifice flow factor 

F, = Reynold’s number factor 

Y = expansion factor 

Fp» = pressure base factor 

F,, = temperature base factor 

Fi, = flowing temperature factor 

F, = specific gravity factor 

Fy = supercompressibility factor 

m = Manometer factor* 

For purposes of preliminary design the factors F,, Y, Fry 
and F,, can be neglected, and the remaining factors F,,, Fr, 
Fy, and F, become constants for the particular design con- 
ditions. 

Letting Cata * FaX Fe ti Fy 1 > « @& 
the flow formula for preliminary design purposes only, be- 
comes Sane my « - ss 

In design, where several meter runs are to be operated in 
parallel, the total maximum flow can be represented by the 
formula: 


Gay xt’ yay Py «se se |B 


Where: 

FP, = F,, + F., + F,, ... 0. 
and F,,,, F,,, and F,., represent the basic orifice factors of 
each individual run in the multiple installation. 

In meter station design, it is common practice to use orifice 
plates with standard bores which vary in multiples of 1% -in. 
and %4-in. according to size of meter run involved. Since the 
basic orifice factor is established by these standard orifices it 
is advisable to provide leaway in design calculations so that 
the final design will handle the total flow requirements. There- 
fore, in preliminary design calculations it is recommended 
that the maximum flow requirements be increased 10 per cent 
and equation (5) can be revised and rewritten as follows 

= Se att p- «ia. 5 
Fy V Uw Pr 

While it might be felt that the 10 per cent increase in the 
maximum flow requirements will result in a larger size in- 
Stallation than necessary, the practice of selecting ori!ices 


*As it appears in AGA Gas Measurement Committee Report No. 3. é 
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“ha ing a basic orifice factor equal to or slightly less than the 


required basic orifice factor (which has been calculated) re- 
sulis in a system having a capacity close to the specified 
requirements. 

it is common practice when several meter runs are operated 
in parallel, for the installation to be provided with a mechani- 
cal means of increasing or decreasing the number of meter 
runs in service. This is done in order to adapt the installation 
to varying flow requirements. Thus, as the flow is increased 
from minimum to maximum, one or more meter runs will 
be successively added to the initial run. Likewise, as the flow 
rate decreases from maximum to minimum these additional 
runs are cut out of service until only the initial run remains 
in operation. The adding or subtracting of each successive 
meter run is performed by a trip valve which operates auto- 
matically to add or subtract a meter run at preset maximum 
and minimum flow ratio. In order to provide proper se- 
quence of operation, these maximum and minimum flows 
must be established for each individual meter run, for it is 
essential that the trip points selected permit only the desig- 
nated meter run to operate. 

In developing “work sheets” for the design of a multiple 
run 100 inch simplex orifice meter installations, the following 
assumptions apply to all designs: 

(1) The minimum accurate recordable flow differential 
for a 100-in. simplex flow meter is 6-in. of water. 

(2) The upper trip point in all meter runs in a multiple 
run installation is to be set at a differential of 96-in. 

(3) The lower trip point in a multiple run installation is 
to be set at a differential of 6.5-in. in Run No. 1, 8.0-in. in 
Run No. 2, and 9.5-in. in Run No. 3. 

(4) A flow causing a differential of 96-in. in one meter 
run will cause a differential of 7.5-in. in two parallel runs; a 
flow causing a differential of 96-in. in two parallel meter runs 
will cause a differential of 9.0-in. in three parallel meter runs; 
and a flow causing a differential of 96-in. in three parallel 
meter runs will cause a differential of 10.5-in. in four parallel 
meter runs, etc. 

(5) The ratio of maximum to minimum flow in each 
meter run is the square root of the maximum differential 
(96-in.) divided by the square root of the minimum different- 
ial (as described in 4 above). 

Assigning a value of 1.0 (unity) to the minimum flow for a 
single 100-in. simplex meter run (6.0-in. differential), and 
utilizing the previously stated assumptions, the following ca- 
pacity calculations have been made for installations having 
multiple runs with trip-over valves: 


| 
Type of Differential 


*Flow capacity | 
nstallation (in. of water) (Units) Calculation 
6.0 1.0 
One fu ynly n 
96 0. 
96.0 4.0 Vex 4.0 
75 4.0 | Same flow as above divided 


to two runs. 
Two runs in parallel 


96.0 14.3 y/Bixas 14.3 
9.0 14.3 ~ Same flow as above divided 
into three runs 
Three ri.is in parallel a 
96.0 
96.0 46.7 \ “5-5 X 14-3 46.7 
10.5 46.7 Same flow as above divided 
into four runs 
Four run: in parellel _ 
96.0 
41.3 46.7 = 141.3 
96.0 141.3 \ ios * 46 


‘dn 
Since |e minimum flow of the first run was taken as unity, the maximum 
OW ca vacity calculated for a multiple run installation is also the maxi- 

ymum fiw ratio for such an installation. 








The maximum flow in each individual run can be readily 
determined by subtracting from the total capacity of the mul- 
tiple installation, the 96-in. flow capacity unit values of all the 
runs except the last. This gives the following: 


Total capacity 


Total capacity All runs except Capacity 

Run No. All runs last run of last run 
4 141.3 46.7 94.6 ; 
3 46.7 ; 14.3 32.4 
2. ’ ie 4.0 *: ee. 2 
< -_ — . — 


4.0 : 4.0 


The maximum flow ratios and trip points calculated by the 
above method, are listed in Table No. 1. This table shows flow 
ratio data and trip point data for both “simplex” and “duplex” 
orifice flow meter installations having a maximum of four (4) 
parallel runs with a maximum total basic orifice factor (F,) 
of approximately 40,000. 

Table No. 1 also shows “K values” for each type of instal- 
lation. These “K values” are constants, which, when multi- 
plied by the maximum flow for which the entire installation is 
to be designed, gives the maximum flow requirements for 
each individual run to be used in the installation. In design cal- 
culations, the “K values” are used as multipliers of the total 
basic orifice flow factor for the entire installation (F,,) to ob- 
tain the basic orifice flow factor of each individual run 
(F,,,, Fo., ete.). 

Calculations and procedures. discussed in the preceding 
paragraphs cover “simplex” meter installations only. The de- 
velopment of capacities and ratios for installations having a 
duplex meter in the first run is basically the same as for in- 
stallations having a simplex meter in the first run. Table | 
shows design data for both “simplex” and “duplex” installa- 
tions. 


Positive Displacement Meters 
The design of installations that use positive displacement 
meters only, operating singly or in parallel, presents no un- 


TABLE 1. 
Maximum flow ratio | Trip point ee _ 
Number| (Inches water) Meter run 
Duplex | Duplex ane — 
Simplex | type A | type B runs Min. Max. l 2 . oe 
4.0 : : as 
70 | 1 6.5 | 96.0 | 1.000 i ee 
10.0 | | 
14.3 ah ha ee a 
25.0 2 8.0 96.0 0.280 | 0.720 ~ 
35.8 
46.7 ie ; (age 
81.8 3 9.5 96.0 0.085 | 0.221 | 0.694 | _ 
116.6 
41.3 | : 0.028 | 0.073 | 0.229 | 0.670 
247.3 4 | 


| 353.3 
The systems listed above as “Simplex’’ have 100-in. differential type 
flowmeters in all runs. 
The systems listed as ‘“‘Duplex-Type A” have 20-in. and 100-in. meters 
in the first run, and 100-in. meters in all additional meter runs. 
_ The system listed as ‘‘Duplex-Type B’’ have 10-in. and 100-in. meters 
in the first rur, and 100-in. meters in all additional meter runs. 
Maximum flow ratios are based on constant meter run pressures at both 
high and low flow rates. If meter run pressure is not controlled, these 
factors must he changed by ratio of square roots of absolute pressures at 
low and high flow conditions. 
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usual problems. When a positive displacement meter is used Work Sheets 
in the first run of a multiple run installation employing dif- The following “work sheets” have been developed based 0 
ferential type meters, it has been found desirable to establish the design theories previously expressed. The ‘“‘work sheets” 


a definite procedure for the design of the installation. The make no attempt to explain each step of the calculation, it be- 
recommended procedure is given in Section III, Part 3 of the ing expected that engineers using these “work sheets” wii! 


“work sheets”, and covers the determination of an economi- be familiar with basic flow meter system requirements and 
cal installation having its first run capacity within the limits calculations, and the necessary data books will be availabic 



























































































































































































































































of an available standard size positive displacement meter. for their use. 
CALCULATED BY A.£.C, GAS FLOW METER CALCULATED BY A.C, GAS FLOW METER 
DATE M-15-S56 CALCULATIONS DATE //-1IS- $6 CALCULATIONS 
CHECKED BY DS, WORK SHEET NO 1 OF & CHECKED BY LEF WORK SHEET WO 2 OF 4 
I DESIGN CONDITIONS: " ov 1 Zz 4 
Maximm quantity of gas to be metered (@) +... +. 2909000 sory Type of TPP ma TP Dhan TP D hn 
Installation 1 Simplex Run 2 Simplex Runs 3 Simplex Runs 
Minimm quantity of gas to be metered (qy)-- ~~~. + 2,000 scm 
Specific gravity of gas, relative to air (SG). .... C.60 Remired 2h x Mex. Plow 2h x Mex. Plow hex ax Flow 
Wasting presoure (P) 20s ccc ccc ccc cece 100 sic PD tng ‘ ’ 
Plowing temperature (T). 2.2.2 se ee eeecvevee 65 °, 
Pressure base (contract)... 26+ eee eevee ° 14.4 PSIA Capacity, SCFE 56, 000 ‘7, 150 
Temperature base (contract). ..... Tree? S 60 %, a: xYZ 
— iaieted Meter Co. 
II ‘TOTAL BASIC ORIFICE FLOW FACTOR (Pp) CALCULATIONS: 
Model Mo. RO-A 
Determine total basic orifice factor as follows: coe an 
Rated Capac al 
Wee ll & Flov Conditions 20,000 ScFH 
v . f 4) After considering economy, provision for future expansion, and 
Fy * total basic orifice flow factor * Foy Peo Po; etc. general conditions affecting the installation, select from the pre- 
"> bo? ete. are basic orifice coefficients for individual meter runs) ceding tables the metering system to be used. . List below the systen 
Q, = maximum quantity of gas to be metered (from design conditions) selected. 
Typ * pressure base factor (24.4 PSIA = 1)** /, 0 Waumber of runs S 
Fy, = temperature base factor (60°F = 1) 1,0 Mater(s) for initial (check) [_] Simplex (100") 
Peg = floving temperature factor (60°F = 1) 1 I9SE meter run (one) [] Duplex type A (20° and 100") 
7, + specific gravity factor (SG 0.60 = 1.291). 1,291 [Pf Dupiex Type B (10" and 100") 
C" = Py x Fy, Fee x Fy (for preliminary calculations) = 1.285 [_] Positive displacement 
hy = 96 in, maximum Desis of selection: Installation cots wi/l be kept 
PtP tise JIS to a mininum if erthera PD meter ora 
» = 14040 Duplex Type 8 meter is used m the Fst meter run. 
hy Pe Pee Tk An “p b/d 
Jy? « 105 
Fp = 1.1 @ = yi 5. 20n Se) : /630,0 
ole; 4285) * 405 
*F,_ increased 10% for flexibility of desi 
- Ske tables in this handbook for eg CALCULATED BY 46 GAS FLOW DETR 
DATS [/-1S-S$6 CALCULATIONS 
CHECKED BY Baést WORK SHEET NO 4 oF 4 
caumam sy 4. &.C. GAS FLOW METER IV. COMPLETION OF DESIGN: 
DATE //- 18-56 CALCULATIONS Complete design on chart using data given on Table 1, and preceding 
cure BY WORK SHEET NO 3 OF 4 
calculations. 
III SELECTION OF METERING SYSTEM 
1) Calculate the maximum flow ratio for the proposed installation as eater oan i - 22 35 ee 7 
follows: my ei 1630 | /630| /630 
e K Factor 
Maximum Flow Ratio = Maximun tity of to be metered 
male Minimum quantity + = to be astared (from Table No. 1) 08S Bae 649 
F, theoretical , 
>: _200,000_ : /00 (Fy x K Factor) 1398.5 | 373.0 | /059.9 
a ‘Type of Taps 
&y 2,000 deel er ier ile 
2) Por the above calculated flow ratio, select the total minimum number 
% actual - selected 162-1 | 402./0| 11/49 
of meter runs required for each of the three types of installations handbook 
Listed on Table No. 1 and complete the following ID of Meter Run, Inches 2.067 | 7.068 | 4.026 
Orifice Bore, Inches 875 | 4395 | 2,250 4 
Type of Installation Simplex — 4 Bete Ratio j 423 ; 449 £859 
Caleulated Maximm Flow Rat 100 700 Mio Loman 
a mm w Ratio : : 1/00 iia Flov, SCFH /98B0 12,800 39,500 
Tabuli 3 : Individual ~t5y fri 
ated Maximum Flow Ratio /4/.3| 24 116.6 Point, “acl oS 8.0 — 
Total - Minimun No. of Runs Req'd** Maximum 
i 4 4 3 Run Plow, SCFH 19,800\ 49 200} /36,800 
Less - No. of Duplex Runs oO / / 
§  . 26 96 - 
} Equals - Mo. of Simplex Runs Req'd 4 3 > Point, Inches 
"Pron Table 1, —s ocre /98O | 18,000 | 59,400 
3) If @ positive displacement meter is required in the first run of a Cumilstive poy, SCPH 79,800 | 69,000 205,900 
multiple run installation, the following tabulation should be used + _Z# @ large future growth /s probable 
to determine the number of meter runs and size of meter required. with @ correspending increase inthe minimum +low 
Colums 1, 2, and 3 of the table should be successively calculated to regurements, a 6.06S-inch LD meter run with 
determine the capacity (at flow conditions) of a standard size positive 2.395-mch Orifice bore (Beta Pathes 2.392) should be 
displacement meter for installation in the first run. Used in Run #3 a place of the 4.024 7D run shown. 
—_— 
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The Leader Leads Again... 


FISHER ANNOUNCES A NEW 
LOW COST SERVICE REGULATOR 
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HANDLES 99% OF ALL 
DOMESTIC INSTALLATIONS 


Good news for the gas industry! Fisher now offers a new 
domestic service regulator designed especially for instal- 
lations requiring 250 CFH regulating capacity or less. 
The new Series $250 is not only lower in cost due to 
the compact design, but it meets the requirements of 
99% of all domestic installations. 


Capacity-wise, the Fisher $250 service regulator is the 
companion of the compact meters now available. This 
enables you to make a LOWER COST, COMPLETE 
customer service. 


The Series S250 consists of Type S251 standard regu- 
lator with compact screened vent (no internal relief 
valve) and Type S252 with full capacity internal relief 
valve and large weather-proof vent. 


Aluminum body and lower casing are one piece con- 
struction. The “elbow” type body reduces your instal- 
lation costs. 


Design features body sizes #4 and 1” with orifice size 
Ye, 36, Va, 9%”. 


Capacity 250 CFH or more with or without full capacity 
internal relief. Suitable for upstream pressures up to 
100 psi and springs available for reduced pressures from 
34%" W.C. to 15” W.C. 


IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT’S CONTROLLED BY... 


FISHER GOVERNOR COMPANY 


Marshalitown, lowa / Woodstock, Ontario / London, England 
BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT CO., CORAOPOLIS, PENNSYLVANIA 
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The S250 meets the growing demand for a 
compact, low cost service regulator to match 
the small meters now being put into service. 
It simplifies installation problems and lowers 
installation costs. 









The S250 regulator with integral meter bar pro- 
vides the ultimate in low cost piping hook up. 
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Temperature Conversion Table 
a, 0 10 20 30 40 50 60 70 80 90 
F F F F F F F F F F 
—200 -328 —364 —364 —382 —400 —418 —436 —454 ee: be 
100 —148 —166 —184 —202 -—220 —238 —256 —274 -—292 —310 
0 +32 +14 —4 —22 —40 —58 —76 —94 —112 —130 
0 32 50 68 86 104 122 140 158 176 194 °C “9 
100 212 230 248 266 284 302 320 338 356 374 I 1.8 
200 392 410 428 446 464 482 500 518 536 554 2 3.6 
300 572 590 608 626 644 662 680 698 716 734 3 5.4 
400 752 770 788 806 824 842 860 878 896 914 4 7.2 
500 932 950 968 986 1004 1022 1040 1058 1076 1094 5 9.0 
600 1112 1130 1148 1166 1184 1202 1220 1238 1256 1274 6 10.8 
700 1292 1310 1328 1346 1364 1382 1400 1418 1436 1454 7 12.6 
800 1472 1490 1508 1526 1544 1562 1580 1598 1616 1634 8 14.4 
900 1652 1670 1688 1706 1724 1742 1760 1778 1796 1814 9 16.2 
1000 1832 1850 1868 1886 1904 1922 1940 1958 1976 1994 10 18.0 
1100 2012 2030 =. 2048 ss 2066s 2084=S ss 2102,—ssa2120'so2138)=—s 2156 —Ssi«é274 
1200 2192 2210 2228 2246 2264 2282 2300 2318 2336 2354 
1300 2372 2390 2408 2426 2444 2462 2480 2498 2516 2534 \ 
1400 2552 «2570 2588) = 2606 2624 = 2642 2660) 2678) = 26962714 
1500 27322750 2768 )=—s 2786)=— 2804 = « 2822s 2840 2858) —s 876s 894 
1600 2912 2930-2948) = 2966) 2984 = - 3002s 3020s 3088 )~— 3056S 3074 Ie ( 
1700 3092 3110) 3128) 3146 3164 = 3182. 3200S 3218 )~=— 3286 ~~ 3254 I 1.56 
1800 3272 = 3290S 33308) 3326 3344 = 3362) 3380) 3398)~— 3416 3484 2 1.11 
1900 3452-3470 3488) 3506 35240 3542 3560) 3578S 35963614 3 1.67 
2000 3632-3650 3668) 3686) 3704.2 33722) 3740S 83758 )~=— 83776 ~~ 3794 4 2.22 
Se lee ee sig agli ea a tei a tg a a a i a F 
2100 3812 38300 38848) 33866— 3884S 3902) 3920S 339388) ~=—s 3956 83974 5 2.78 
2200 3992 4010 4028 4046 4064 4082 4100 4118 1136 1154 6 3.33 
2300 4172 4190 4208 4226 4244 1262 4280 4298 4316 4334 
2400 4352 4370 4388 4406 4424 4442 4460 4478 4496 4514 7 3.89 t 
2500 4532 4550 4568 4586 4604 4622 4640 4658 4676 1694 S 4.44 | 
2600 4712 4730 §=4748 «=©64766 = 44784 Ss 4802) 4820 4838 «= «485602 4874 9 5.00 
2700 4892 4910 4928 4946 4964 4982 5000 5018 5036 5054 10 5.56 ( 
2800 5072, 5090-5108 )— 5126s 51445162) 5180) -d59B—siQIGs«CODB 11 6.11 
2900 5252. 5270S 5288) 5306) 53240 534205360 )=— 5378) = 53965414 12 6.67 , 
eR ee eee eee eee ee ree EE eo ee ee ae _ nee L 
3000 5432 5450 546854860 5504 = 552255405558) i576 5594 13 7.22 Li 
——_ ——_—_—__—_——_— —_—— 14 7.78 i 
3100 5612, 5630 = 55648) 56665684. = 5702)s«i5720s«5738)~=—si57560—s«5774 15 8.33 ( 
3200 5792-5810 5828) «5846 «5864s s5882_—ssid5900)Ss 5918) ~=— 5986) 8954 
3300 5972, 5990 6008 6026 6044 6062 6080 6098 GI116 6134 16 8.89 f 
17 9.44 
3400 6152 6170 6188 6206 6224 6242 6260 6278 6296 6314 ( 
3500 6332 6350 63868 6386 6404 6422 6440 6458 6476 6494 18 10.00 } 
3600 6512 6530 6548 6566 6584 6602 6620 6638 6656 6674 e 
3700 6692. 6710 6728 6746 6764 6782 6800 6818 6836 6854 
3800 6872 6890 6908 6926 6944 6962 6980 6998 7016 7034 
3900 7052, «7070S 7088S 7106s 7124S 7142s 7160=Sss 7178 )~=—7196~—Ss 72.14 
se 0 10 20 30 40 50 60 70 80 90 
Examples: 1847° C = 2444° F +12.6° F = 2456.6° F. 3367° F = 1850° C + 2.78° C = 1852.78° C. 
Bureey of Standards—M1 26 
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INDIVIDUAL ___ 
SERVICE PIPE 
1/2" PLUG 
FOR FILLING 





V/2" TEE 





1/2" NIPPLE 


ities ODORANT STORAGE 
APPROX.| PINT CAPACITY 
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Wick type odorizer. 





GATE VALVE 


FOR FILLING AND DRAINING 
a. PRECISION 


VALVE ft<—VENT j 


CONTAINER 





ODORANT 


peewee - 
Ne ee ee a ee 








® VALVE VALVE —> 














T 
—> GAS FLOW LINE 
j 


HEAVILY ODORIZED 
GAS ENTERS MAIN 
GAS STREAM 





| 


ORIFICE OR VALVE 
TO CONTROL FLOW OF 
GAS OVER ODORANT 


By-pass type odorizer. 








THE lower explosive limit of natural gas is approximately 4 
parts of gas and 96 parts of air. This explosive limit varies 
with the contents of the gas. Gas containing butane and pro- 
pane mixtures in vapor form have a slightly lower explosive 
limit. 

Odorants are added to natural gas to make possible its de- 
tection in mixtures below the lower explosive limit. Generally 
accepted practices of odorization require that the odor must 
be discernable in mixtures of from one half to one per cent 
of gas in air. 

Two major types of odorants are in common use at the 
present time. These are known as dilute and concentrated 
odorants. The quantity of either type of odorant to be used 
can be determined only by a study of the conditions existing 
where it is to be injected into the gas. 


Dilute odorants are used generally where the gas load is 
small, and the quantity of odorant handled is not a problem. 
Different odorants in this classification have varying charac- 
teristics, and should be injected within the ranges of manu- 
facturers’ recommendations. 


Concentrated odorants are particularly adapted to large in- 
stallations and by-pass odorizers. The proper odorant should 
be used for the type of equipment installed, as the consen- 
tration of the odorant will produce additional operating prob- 
lems if improperly injected. The quantity of odorant used 
should be within the limits of manufacturers’ recommenda- 







tions and should be sufficient to provide a strong odor at the 
extremities of the system. 

Odorizing equipment can be roughly classified into divi- 
sions as follows, with variations in each division, depending 
upon local conditions and standards: 


Wick Type Odorizer 

This odorizer is particularly adapted to use where the 
odorizers must be installed on individual meters. This odor- 
izer does not give proportional odorization because it is af- 
fected by the temperature and volatility of the odorant rather 
than by the gas load. The temperature effects on this odorizer 
can be reduced by surrounding it with asbestos insulation. 
Some insulation can be obtained by painting the odorizer with 
aluminum paint, or by protecting it from direct sunlight. 

It may be necessary to drain the odorizer periodically in 
order to remove any accumulated heavy ends of odorant. ‘The 
wick type odorizer is not recommended for larger installa- 
tions where proportional odorization can be obtained by 
other methods. Either dilute or concentrated odorant can be 
used, as the odorant output is regulated by the amount of 
wick extending into the gas stream. Dilute odorant is gen- 
erally preferred. 


By-Pass Type Odorizer 
This type odorizer will give porportional odorization under 
a wide range of loading, if properly designed and installed. 
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Odorant products 


“il Calodorant* “C”’ — best quality sulfide type odorant 
Calodorant" B-1 — a sulfide odorant at a mercaptan price 








Calodorant F — a low boiling, economy priced sulfide odorant 
| \lert" “80” — best economy priced, quality mercaptan odorant 
\lert 101 — new tertiary-butyl mercaptan based odorant 
LPG Odorant — tailor made from a selected mercaptan cut 
Ethyl Mercaptan — an odorant of highest quality and purity 


Manufacturing facilities 


Oronite has its own odorant production facilities at two large 
manufacturing centers—Richmond, California and Oak Point, 








. Louisiana—both located close to principal gas consuming areas. 
the , 
Distribution centers 
ie Oronite odorant products are warehoused at key points throughout the 
: nation to assure you prompt delivery and service. 
Research, technical service 
en Oronite maintains a technical field service staff of odorant specialists 
af- who can work closely with you in solving unique or individual problems. 
her The field technical service staff is backed by a continuous research and 
izer development program to maintain Oronite’s position as the foremost 
- supplier of odorants to the gas industry. 
vith 
1 a A phone call or letter to any Oronite office will promptly bring 
lla & an odorant specialist to consult and assist you on gas odorization 
by 
1 be 
t of 


a fF ORONITE CHEMICAL COMPANY 


A CALIFORNIA CHEMICAL COMPANY SUBSIDIARY 
® EXECUTIVE OFFICES e 200 Bush Street, San Francisco 20, California 


SALES OFFICES « New York, Boston, Wilmington, Chicago, Cincinnati, Cleveland, Houston. 
Tulsa, Los Angeles, San Francisco, Seattle 
Foreign Affiliate: California Chemical International, Inc., San Francisco, Geneva, Panama 
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It has no moving parts to get out of adjustment. Temperature 
variation of the odorant must be kept at a minimum, and it 
is recommended that the by-pass odorizer be installed under- 
ground with a minimum of two feet of cover. If possible it 
should be installed below (not across) a regulator in order 
to insure a constant pressure on the odorizer. 

Liquid hydrocarbons entrapped in the gas will contami- 
nate the odorant in a by-pass odorizer, reducing the volatility 
of the mixture, and slowing down the rate of odorization. 
Most gas from pipe line systems has had these liquids re- 
moved, so this problem generally exists only near gas fields. 

The rate of flow is regulated by a small precision valve in 
the gas flow line over the odorant. A small pressure different- 
ial is maintained in the gas main, across a valve or orifice 
plate. Since the parallel flow in the two lines always remains 
proportional, the rate of odorization remains constant regard- 
less of load (assuming constant pressure and temperature). 
No baffles or wicking should be installed in the odorizer, as 
the amount of gas passing over the odorant is very small in 
comparison to the ability of the odorant to be absorbed into 
the gas stream. 

The odorant used in the by-pass odorizer must be blended 
especially for this type odorizer. It should be a concentrated 
odorant with a very narrow range from initial to final billing 
point. If the proper odorant is used, there should be no ac- 
cumulation of heavy ends in the odorizer, but a connection 
to the bottom of the odorizer may prove valuable in case the 
odorant becomes contaminated. 


Proportional Drip Type Odorizer 

The elementary proportional drip type odorizer consists of 
a storage tank for odorant, a float valve to regulate the flow of 
odorant through a precision valve, and equalizing lines across 
a restriction in the gas main. This odorizer requires more 
pressure drop across the restriction than does the by-pass 
type. The precision valve acts as an orifice to keep the flow 
of liquid odorant and gas proportional. The float valve keeps 
a constant level of liquid on the precision valve, regardless of 
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the quantity of odorant in storage. 

This odorizer will operate with either dilute or concen- 
trated odorant. At exeremely low rates of flow, it is necessary 
to cut down the flow of liquid through the precision valve to 
such an extent that stoppage may result, or the float valve 
may build up sufficient pressure to cause the odorant to flow 
when the gas flow has practically stopped, causing excess 
odorization. Under these conditions, better results may be 
secured if a dilute odorant is used. 

The proportional drip type odorizer operates across a re- 
striction in the gas line, and the precision valve controls the 
rate of odorization. Other features can be added if desired, 
to secure accurate rates of flow. Modifications of the odorizer 
have value under certain conditions. One modification per- 
mits the use of the storage tank as a by-pass odorizer during 
periods of low flow. 


Liquid Injection Type Odorizer 

A positive method of injecting odorant by means of a pro- 
portioning pump is in use. One odorizer uses a small, ex- 
tremely accurate pump, which is installed in such a manner 
that it injects odorant proportionally to the load. 

Another type has a proportionate amount of gas passing 
through a positive meter, activating a rotary cup, which dips 
odorant from a pan where the odorant level is kept constant 
by a float valve. The odorant is then dripped into the gas flow 
line in proportion to the load on the main line. 

This type equipment will work with a variety of odorants, 
but since there are moving parts to stick, special attention 
must be paid to having a properly designed and clean odorant. 


Conclusion 

A properly blended odorant should give odorization thru- 
out the entire system. The amount of sulfur in it is not suf- 
ficient to cause damage to gas meters or other equipment. 
The amount of sulfur added to the gas through odorization is 
far below the amounts of impurities carried in the normal 
zas stream. 
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Line Conditioning of New Service Mains 


It is advisable to condition new service mains prior to their 
use in a distribution system. All odorants are adsorbed on new 
pipe to a more or less degree, dependent upon the type of 
odorant. Generally, because the sulfide odorants are less reac- 
tive, chemically, their adsorption rate is less than the mer- 
captan type odorants, and the conditioning of the line is ac- 
complished sooner. 

There are two methods which can be used to condition new 
mains. In one method the odorant to be used is diluted with a 
high boiling point solvent such as kerosine, cleaning solvent, 
or unleaded white gasoline and injected into the line at a rate 
of from 3 to 5 gal per MMcf. The diluent acts as a coating on 
the inside surface of the line and retards further odorant 
adsorption or chemical reaction, enabling the odorant to pass 
through in detectable concentrations at the end of the line. 

One large midwestern utility has done considerable test 
work on line conditioning and the results of their work have 
been reported and published in the Midwest Gas Association 


proceedings. Their method consists of purging the new main 
with normally odorized gas, then adding odorant to the gas 
passing through the line at an approximate rate of 22 lb per 
Mef of pipe volume or about 3.8 Ib per 1000 sq ft of inside 
pipe surface. The pressure of the gas in the main is maintained 
at from 5 to 7 psi. The heavily odorized gas is vented through 
a John Zink No. 2 burner to prevent the release of the odor 
to the atmosphere. This utility has used all types of odorants 
in their test work and favor the use of mercaptans, especially 
ethyl mercaptan because of its high volatility. 

Periodic testing of the vent gas using an odorometer or a 
Titrilog is done to determine when the odorized gas has 
reached equilibrium and the line is conditioned and ready for 
service connections. 

The amount of time necessary to condition a new line will 
be variable according to size, length, and type of pipe, rate of 
gas flow, and temperature. 


Soil Adsorption 


One of the principal deficiencies of all present day gas 
odorants is their inability to withstand the filtering action of 
all type soils when a gas leak occurs underground. All gas 
odorants are effectively scrubbed of their odor intensity when 
passing through the soil, regardless of type; clay, loam, sand 
or various mixtures of soils. 

Only after sufficient odorized gas has passed through the 
soil to completely saturate the surrounding area or channel 
of the leak can the odorized gas be detected at the surface. 
The amount of time necessary to complete this cycle will de- 
pend upon the type of soil, degree of compaction, moisture 
content, volume of gas flow and the odorant content of the 
gas. 


Odorant manufacturers and utilities have spent many man 
hours of research time and money trying to find a solution to 
this inherent problem of all odorants. 

It has been claimed that manufactured gas was not ad- 
sorbed by soil and that an underground leak was readily de- 
tectable when it occurred. The odor character of manufac- 
tured gas was contributed by the relatively large volumes of 
aromatics that it contained. Because of these large volumes 
the soil around the leak was more quickly saturated, hence a 
leak was more readily detected. Natural gas containing only a 
minute part of odorant takes considerably longer time to satu- 
rate the leak channel and a longer time to be detectable at 
the surface. 


Methods of Checking Odorant Intensity 


Odor intensities may be rated by many scales using several 
degrees of intensity but in the field, only two levels of intensity 
are significant. These levels are: 

Threshold — The concentration of odorized gas in air that 
produces the first change from the prevailing or normal odor. 

Adequate — The concentration of odorized gas in air that 
produces enough odor to arrest attention and provide a 
warning. 

The absolute intensity of these levels, of course, will vary, 
depending upon the average ambient odor; therefore, a single 
standard cannot be adopted. However, in all cases the concen- 
tration of gas in air for the adequate level should be well be- 
low explosive limit of gas (5 volume percent). 

Odor intensities of gas have been measured by means of 
room tests, odorometers, or other devices. Room tests are de- 
signed to simulate the conditions under which leaks may 
occur. In this test odorized gas is metered into a closed room 
until a definite concentration of gas is reached and the odor 
is recorded by observers. This test may be used to obtain the 
threshold and adequate values by running the tests at differ- 
ent gas concentrations, or it may be used to compare different 
Odorints at a fixed gas and odorant concentration. A big dis- 
advantage of this method is its lack of portability. 

Several chemical methods can be used for determining the 
sulfu» content of a gas stream, but only one appears to be 
easil’ adaptable to a continuous testing and recording appara- 
tus. ‘his method is based upon the reaction of bromine with 
sulfu:-containing compounds such as hydrogen sulfide, sul- 
fur d oxide, mercaptans, organic sulfides, and disulfides. The 
conc: atration of bromine in the apparatus is kept constant by 
the e' ctrolytic generation of bromine. Thus, any reactive ma- 
terial in the gas will lower the bromine concentration causing 
the b omine generator to increase. The recorder automatically 
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records the changes in the generating current. It is possible to 
distinguish the different types of sulfur compounds by passing 
the gas through suitable chemical filters, thus removing cer- 
tain classes of sulfur compounds. This apparatus is com- 
mercially available, under the name Titrilog, and manu- 
factured by Consolidated Engineering Corporation, Inc., 
Pasadena, California. 

Probably the cheapest and most convenient method of ac- 
curately checking gas odors is to use an odorometer. Odor- 
ometers have the advantage that they are portable and may be 
used to measure the odor intensity of gas in the field. Most 
odorometers operate by mixing the gas and air with an elec- 
tric blower and determining the gas concentration by means 
of a flowmeter or combustible gas detector. The odor of the 
gas-air mixture is then measured by an odor panel. The first 
odorometer for field use was reported in 1950 by California 
Research Corporation, the research affiliate of Oronite 
Chemical Company. Since that time, the Oronite Odorometer 
has been improved and the current (fourth) model is being 
successfully used by many companies in the United States 
and Europe. 

No patent application has been made on this instrument. 
Any utility desiring to build this unit or a modification of it is 
free to do so. Design information is available from Oronite 
Chemical Company. The odorometer was developed with the 
hope that it would help develop some standard means of de- 
termining the odor intensity level in natural gas. The fourth 
model is available commercially from Johnson-Williams Com- 
pany of Palo Alto, California, makers of J-W Combustible 
Gas Indicators. 


Similar types of odorometers incorporating different feat- 
ures of design are available from other manufacturers. 
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Transfer and Handling of Odorants 

The transfer of odorants from drums to the odorizer sup- 
ply tank is best accomplished by means of special loaders 
which use gas pressure to transfer the odorant. These loaders, 
which are threaded to fit the bung of the odorant drum, have 
a standpipe running to the bottom of the drum. Pressure is 
admitted to the surface of the odorant inside the drum by 
means of a valve in the loader and the odorant is forced up 
through the standpipe into a line running to the odorizer. A 
safety valve should be incorporated in the loader to prevent 
excess pressures (5 to 7 psig) in the drum. After cutting out 
the head of the drum and eliminating any residual odorant 
by one of the methods described in the section below, the 
drums may be discarded without causing an odor problem. 
Hand cutters and loaders for drums are commercially avail- 
able at reasonable cost. 

Bulk transfer from tank cars or tank trucks to large storage 
tanks offers no disposal problems as in the case of drums. 
However, spillage that occurs during pumping or displaced 
vapor from the odorant storage tank will give odors that are 
troublesome. The same precautions used in handling or trans- 
ferring gasoline should be observed when handling any gas 
odorant. The next section describes several methods that may 
be used to control these nuisance odors. 


Methods of Controlling Nuisance Odors 

Sources of Nuisance Odors. In operating gas odorizing 
equipment, odors are occasionally released into the atmos- 
phere as a result of: 

|. Opening and emptying odorant drums or tank trucks. 
Venting, filling or blowing down storage tanks. 
Disposing of empty odorant drums. 

Leaks from an odorizer unit. 

5. Leaks during replacement of odorizer parts. 

Five methods of controlling nuisance odors have been 
found effective under certain conditions. These methods and 
their limitations are described in the following sections. 

Adsorption Method. The common adsorbing agent, acti- 
vated carbon, works best when the odor is present in a con- 
fined space such as in an odorizer building. In this case, the 
carbon is placed in trays and connected to a blower fan. The 
blower may keep a slight vacuum or pressure in the building, 


— Wh 





BOTTLE 






PRESSURE 
GAUGE 
0-150 PSI 





30 CYLINDER 
APPROXIMATELY a—(CAPACITY 15 LB C02) 











: 2 


i 


ke 


Handling of Odorants 


American Gas Journal, GAS HANDBOOK ISSUE, August 15, 1960 


but in either case the air leaving the building must pass 
through the carbon. Vent lines of odorizers can also be 
equipped with carbon adsorbers. 

Carbon will adsorb both mercaptan and sulfide odorants. 
However, mercaptans may generate so much heat that spon- 
taneous combustion may occur. For this reason, it is not ad- 
visable to spread activated carbon directly over any odorant 
spills. 

Combustion Method. This method is widely used, but is not 
convenient when the odorizer is located within 44-mile of 
inhabited buildings. Generally, all the vent lines of the odor- 
izer and filling equipment are connected by pipe to a burner. 
This burner is located a short distance from the odorizer and 
may be equipped with a pilot light. In the case of empty odor- 
ant drums, the heads are cut out and a small quantity of kero- 
sine is ignited inside the drum. After combustion is complete, 
the drums may be disposed of in a normal manner. 

Chemical Method. Oxidizing agents, such as hypochlorite 
solutions, have been widely used to reduce odors. This pro- 
cedure, however, is sometimes unsatisfactory because it is 
only temporary in effect. Moreover, only mercaptan-type 
odorants react with oxidizing agents. The oxidation of mer- 
captans is slow, taking as long as an hour and the products 
(disulfides) have a somewhat unpleasant odor, although much 
less intense than the original odorant. However, this proce- 
dure is useful for mercaptan spills because it does cause a 
permanent reduction in odor intensity and because it reduces 
the amount of any masking agents( described below) that 
might be used. 

Odor Masking Method. Odor masking is defined as the 
modification of a malodor to a non-objectionable odor by the 
addition of another odor (masking agent). In general, the 
masking agent is an essential oil with a pleasant odor and is 
applied as a dilute solution in kerosine or water. 

These masking agents will modify the odors of both sulfides 
and mercaptans and generally are effective long enough to 
allow the original odor of the odorant to dissipate. Spills on 
soil, wood, fabric, or residual odors in empty drums are ef- 
fectively masked in this manner. Masking agents are com- 
mercially available. 

Odor Counteraction Method. Odor counteraction is de- 
fined as the reduction of the psychological intensity (as de- 
tected by the olfactory perceptors) of a malodor by adding 
another substance. In this case, the resulting effect is a reduc- 
tion in total odor rather than a modification to a pleasant 
odor as in the case of odor masking. 

Odor counteraction agents appear to be as effective toward 
the different types of odorants and spills as the odor masking 
agents described in this section. Odor counteraction agents 
that are effective with Oronite odorants are also commercially 
available. 

A useful “fogging” apparatus for applying dilute solutions 
of odor masking and counteraction agents is shown in Fig. A. 
This apparatus is a 15-lb carbon dioxide cylinder modified 
with an oil fogging nozzle and a fitting for filling and pressur- 
izing. About 1-gal of the dilute odor modifying solution is 
added and the cylinder pressurized with nitrogen gas to 60 
psi. By opening the top valve, a fog may be produced con- 
tinuously for approximately 30 minutes. On several occasions 
when actual spills of odorants have been “fogged” with this 
apparatus, no complaints were made by personnel in the vicin- 
ity of the spill. 

Masking agents and counteraction agents are available by 
name from the following manufacturers: Neutroleum, Alpha 
and Gamma manufactured by Fritsche Brothers; “A lamask” 
manufactured by E. I. duPont Corporation, “Wintair” manu- 
factured by Polak & Schwarz, Inc. 


aterial on pages 159 and 16: reprinted by permission from “Gas Odorant 
for Natural and LP Gas,” Technical Bulletin published by Oronite Chem- 
ical Company, copyright 1957. 
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e @ e 
Density (Ib per cu ft) of 0.60 Specific Gravity Gas 
o 
: (Air = 1) 
Temperature, deg. fahr. 
Pressure | 
20 30 40 | 50 60 77 | 80 | 90 100 110 
25 in. Hg. vac. | 00845] 00827} .00811| 00795, 00780; .00765| 00751] .00737| 00724} 00711 
20 01669] 01635, 01602} 01571] .01541}.01511| 01483) .01456} 01430} .01405 
15 02496] 02445] .02397/ .02350| 02305] 02261] 02219 02179) 02140) ~—.02102 
10 03324] 03256) .03191| .03128| .03069} .03010} 02955} +.02901) 02849} 02799 
5 04148} 04064] 03982) .03904| 03830} 03757} 03687] 03620 03555, 03493 
Atmos. 04976] .04874] 04777, .04683| 04593] 04506] .04423| 04342} 04265) 04190 
5lb./in®. gauge| 06665] 06529] 06398] 06273} .06154| 06036} 05924] 05816} 05712} 05612 
10 08354] 08184] 08020) .07862| 07714] .07566| 07425] 07290 07160, 07034 
15 10043} 09838] 09641] 09452} .09273/ 09095 08927; 08764} 08608] 08456 
20 11732) 11493} 11263} 11042}. 10833] 10625) 10428} 10238} 10055, 09879 
25 13422) 13148} 12884! 12631] 12392) 12154) 11929] 11712} 11503] 11301 
30 15111] 14802} 14506] 14221} _-—«13952| 13684] 13431] .13186| 12950} «12728 
35 16800] .16457/ 16127, 15811} 15511] 15214). 14932]. 14660) 14398] 14145 
40 18489] 18111] 17749} .17400| 17071] 16743, —«-16433| 16134] 15846) 15567 
45 20178] .19766] 19370} 18990, 18631} .18273| 17934] 17608} 17293] 16990 
50 21867, 21420) 20992) 20580 20190] 19803) 19436] 19082} 18741! 18412 
60 25245] 24730 24235, .23759| 23309] 22862} 22438] + 22030-21636, 21256 
70 28623] .28030 27478, .26938| 26428} 25921, 25441] 24978 -24531| «24101 
80 32002| 31348} .30720| 30118] 29547} 28980} 28443, 27926 27427} + 28945 
90 .35380| —.34657 . 33963 .33297 . 32667 32040) .31446 30874 30322) 29790 
100 38758} .37966| 37206 36476] 35786] 35099, 34449} .33822| 33217) 32634 
125 47203] .46239| 45314] 44425] 43584] .42747/ 41955] 41191) 40455] 39745 
150 .55649| 54512} 53421] 52373] 51381] 50395, 49461) 48561] 47693! 46856 
175 64094] 62785] 61529) 60321 59179, .58043| 56968} 55931] .54932| 53967 
200 .72540| .71058| .69636| 68269] 66977] 65692) 64474] 63301} 62170} 61078 
225 80985] .79331] .77743| .76218| .74775| .73340, 71981] .70671| 69408} 68189 
250 89431] .87604} 85851] 84166] 82573; .80988| 79487} 78040] 76646] 75300 
275 .97876| .95877|  .93958| .92114| 90370] 88636] 86994] 85410] 83884] 82411 
300 1.0632 | 1.0415 | 1.0207 | 1.0006]  .98168} .96284] 94500} 9278 | 91122} 89522 
325 1.1477 | 1.1242 | 1.1017| 1.0801 | 1.0597 | 1.0393 | 1.0201 | 1.0015 |  .98360| 96633 
350 1.2321 | 1.2070 | 1.1828] 1.1596 | 1.1376 | 1.1158 | 1.0951 | 1.0752} 1.0560 | 1.0374 
375 1.3166 | 1.2897] 1.2639 | 1.2391] 1.2156 | 1.1923} 1.1702] 1.1489] 1.1284] 1.1086 
400 1.4010 | 1.3724 | 1.3449] 1.3186] 1.2936 | 1.2688} 1.2453 | 1.2226] 1.2007] 1.1797 
425 1.4855 | 1.4551 | 1.4260 | 1.3980] 1.3716] 1.3453} 1.3203} 1.2963 | 1.2731 | 1.2508 
450 1.5699 | 1.5379 | 1.5071 | 1.4775] 1.4496 | 1.4217| 1.3954) 1.3700] 1.3455] 1.3219 
475 1.6544} 1.6206 | 1.5882 | 1.5570] 1.5275 | 1.4982 | 1.4705 | 1.4437] 1.4179] 1.3930 
500 1.7389 | 1.7033 | 1.6692 | 1.6365} 1.6055} 1.5747| 1.5455 | 1.5174] 1.4903 | 1.464) 
600 2.0767 | 2.0343 | 1.9935 | 1.9544 | 1.9174] 1.8806 | 1.8458 | 1.8122] 1.7798 | 1.7485 
700 2.4145 | 2.3652 | 2.3178 | 2.2724] 2.2203| 2.1865] 2.1460 | 2.1070] 2.0693 | 2.0330 
800 2.7523 | 2.6961 | 2.6421 | 2.5903 | 2.5412 | 2.4925 | 2.4463| 2.4018] 2.3588 | 2.3174 
900 3.0901 | 3.0270 | 2.9664 | 2.9082] 2.8532 | 2.7984 | 2.7465| 2.6966 | 2.6484] 2.6019 
1000 3.4279 | 3.3579 | 3.2907 | 3.2261] 3.1651 | 3.1043 | 3.0468| 2.9914| 2.9379] 2.8863 
1100 3.7658 | 3.6889 | 3.6150| 3.5441] 3.4770] 3.4103] 3.3471 | 3.2861 | 3.2274] 3.1708 
1200 4.1036} 4.0198 | 3.9393 | 3.8620 | 3.7889] 3.7162] 3.6473} 3.5809| 3.5169 | 3.4552 
1300 4.4414] 4.3507 | 4.2636 | 4.1799 | 4.1008] 4.0221] 3.9476 | 3.8757| 3.8065 | 3.7396 
1400 4.7792 | 4.6816 | 4.5879| 4.4979| 4.4127| 4.3280] 4.2478] 4.1705] 4.0960| 4.0241 
1500 5.1170 | 5.0125 | 4.9122| 4.8158 | 4.7246] 4.6340] 4.5481 | 4.4653 | 4.3855 | 4.3085 
1750 5 9616 | 5.8398 | 5.7229| 5.6106 | 5.5044 | 5.3988 | 5.2987| 5.2023] 5.1093 | 5.0196 
2000 6.8061 | 6.6671 | 6.5337 | 6.4055] 6.2842] 6.1636 | 6.0494 | 5.9393 | 5.8331 | 5.7307 
2250 7.6507 | 7.4944 | 7.3444) 7.2003 | 7.0640] 6.9284] 6.8000| 6.6763! 6.5570 | 6.4418 
2500 8.4952 | 8.3217| 8.1552| 7.9951 | 7.8438] 7.6932| 7.5507| 7.4132| 7.2808 | 7.1529 
2750 9.3398 | 9.1490 | 8.9659 | 8.7899] 8.6235 | 8.4580 | 8.3013] 8.1502] 8.0046 | 7.8640 
3000 10 1343 | 9.9763 | 9.7766 | 9.5848 | 9.4033} 9.2229] 9.0520| 8.8872| 8.7284 | 8.5751 
3500 11 8734 | 11.6309 | 11.3981 | 11.1744 | 10 9629 | 10.7525 | 10.5533 | 10.3612 | 10.1760 | 9.9973 
4000 13 5625 | 13.2855 | 13.0196 | 12 7641 | 12.5224 | 12.2821 | 12.0545 | 11 8351 | 11.6236 | 11 4196 
4500 15 2516 | 14.9401 | 14.6411 | 14.3537 | 14 0820 | 13.8118 | 13 5558 | 13 3091 | 13.0713 | 12 8418 
5000 16.9407 | 16.5947 | 16.2625 | 15.9434 | 15.6416 | 15.3414 | 15.0571 | 14.7831 | 14.5189 | 14.2640 
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WATER VAPOR IN SATURATED GAS 


Per cent by volume, calculated from the gas laws 





Pressure, Pounds per Square Inch Absolute 





Temperature, ————_______ 
—— 


50 100 150 200 250 300 350 400 500 600 7 








40 0.244 0.122 0.081 0.061 0.049 0.041 0.035 0.030 0.024 0.020 0.017 
50 0.356 0.178 0.119 0.089 0.071 0.059 0.051 0.055 0.036 0.030 0.025 
60 0.512 0.256 0.171 0.128 0.102 0.085 0.073 0.064 0.051 0.043 0.037 
70 0.726 0.363 0.242 0.181 0.145 0.121 0.104 0.091 0.073 0.061 0.052 
80 1.014 0.507 0.338 0.253 0.203 0.169 0.145 0.127 0.101 0.084 0.072 
90 1.396 0.698 0.465 0.349 0.279 0.233 0.199 0.174 0.140 0.116 0.100 
100 1.898 0.949 0.633 0.474 0.380 0.316 0.271 0.237 0.190 0.158 0.136 





From “Fuel Flue Gases.’’ Copyright 1940. American Gas Association 


GALLONS OF WATER PER MILLION CUBIC FEET OF GAS 


Pressure and temperature bases: 14.4 pounds per square inch and 60° F 
Gas saturated with water vapor at indicated pressures and temperatures 





Pressure, Pounds per Square Inch Absolute 
Femperature, -- -—-—-———_———  — wae aaa 
oT 





50 100 150 200 250 300 35 400 500 600 700 
40 13.6 6.8 4.5 3.4 2. 2.3 2.0 1 ee 1.4 el 1.0 
50 19.9 10.0 6.6 5.0 4.0 3.3 2.8 2.5 2.0 PY) 1.4 
60 28.6 14.3 9.5 1.2 5.7 4.8 4.] 3.6 2.9 2.4 2.0 
70 40.5 20.2 13.5 10.1 8.1 6.8 5.8 5.1 4.0 3.4 2.9 
80 56.4 28.2 18.8 14.1 11.3 9.4 8.1 7.0 5.6 4.7 4.0 
90 78.0 39.0 26.0 19.5 15.6 13.0 he 9.7 7.8 6.5 5.6 
100 106.2 D3. 1 30.4 26.5 21 .2 | 15.2 13.3 10.6 8.9 7.6 





From ‘‘Fuel Flue Gases.'' Copyright 1940. American Gas Association 


VAPOR PRESSURE OF WATER 














Lbs. per Lbs. per Lbs. per Lbs. per 
Sq. In. Sq. In. Sq. In. Sq. In. 
id In. Hg Absolute a In. Hg Absolute "FP. In. Hg Absolute ee In. Hg Absolute 
32 0.1803 0.08854 57 0.4686 0.2302 82 1.1016 0.5410 107 2.3786 1.1683 
33 0.1878 0.09223 58 0.4858 0.2386 83 1.1378 0.5588 108 2.4491 1.2029 
34 0.1955 0.09603 59 0.5035 0.2473 84 1.1750 0.5771 109 2.5214 1 .2384 
35 0.2035 0.09995 60 0.5218 0.2563 85 1.2133 0.5959 110 2.5955 1.2748 
36 0.2118 0.10401 61 0.5407 0.2655 86 1.2527 0.6152 115 2.9948 1.4709 
g 37 0.2203 0.10821 62 0.5601 0.2751 87 1.2931 0.6351 120 3.4458 1.6924 
= 38 0.2292 0.11256 63 0.5802 0.2850 88 1.3347 0.6556 125 3.9539 1.9420 
: 39 0.2383 0.11705 64 0.6009 0.2951 89 lL .3¢i5 0.6766 130 4.5251 2.2225 
: 10 0.2478 0.12170 65 0.6222 0.3056 90 1.4215 0.6982 135 5.1653 2.5370 
, 1] 0.2576 0.12652 66 0.6442 0.3164 9] 1.4667 0.7204 140 5.8812 2.8886 
U) 12 0.2677 0.13150 67 0.6669 0.3276 92 1.5131 0.7432 145 6 .680 3.281 
5 13 0.2782 0.13665 68 0.6903 0.3390 93 1.5608 0.7666 150 7.569 3.718 
= 14 0.2891 0.14199 69 0.7144 0.3509 94 1.6097 0.7960 155 8.557 4.203 
E 15 0.3004 0.14752 7 0.7392 0.3631 95 1.6600 0.8153 160 9.652 4.741 
; 16 0.3120 0.15323 ¢ 0.7648 0.3756 6 ier ey; 0.8407 165 10.863 5.335 
$ 17 0.3240 0.15914 2 0.7912 0.3886 97 1.7647 0.8668 170 12.199 5.992 
= 18 0.3364 0.16525 73 0.8183 0.4019 98 1.8192 0.8935 175 13 .671 6.715 
= 19 0.3493 0.17157 74 0.8462 0.4156 99 1.8751 0.9210 180 15.291 7.510 
3 50 0.3626 0.17811 75 0.8750 0.4298 100 1.9325 0.9492 185 17 .068 8 .383 
8 51 0.3764 0.18486 76 0.9046 0.4443 101 1.9915 0.9781 190 19.014 9.339 
92 0.3906 0.19182 77 0.9352 0.4593 102 2.0519 1.0078 195 21.144 10.385 
cc] 3 0.4052 0.19900 78 0.9666 0.4747 103 2.1138 1.0382 200 23.467 11.526 
3 4 0.4203 0.20642 79 0.9989 0.4906 104 2.1775 1.0695 205 26.003 12.772 
4 5) 0.4359 0.2141 80 1.0321 0.5069 105 2.2429 1.1016 210 28.755 14.123 
H 6 0.4520 0.2220 81 1.0664 0.5237 106 2.3099 1.1345 212 29 .922 14.696 
te] _ 
U) 


A special case of partial pressure is that due to vapor pressures of substances at or near their condensing conditions, especially when in the 


E pr sence of some liquids. The kinetic theory has shown how separation of molecules will permit the evaporation of other gaseous molecules into the 
.S sa ne space. All liquids exposed to an available space wil! partially change to vapor. The partial pressure of this vapor in the space above the liquid 
é is -iven the name “‘vapor pressure.” For each temperature of the liquid, there is a corresponding vapor pressure. When the vapor pressure equals 
° th» external pressure, the liquid is at its boiling point. For water under pressure of one atmosphere, 212° F is the temperature at which this 
a Pp! nomenon takes place. 

E From ‘*Fuel Flue Gases.’' Copyright 1940. American Gas Association. 

a 

~» 

a 
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TEMPERATURES AND PRESSURES 
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OF NATURAL GAS MEASURED AT 
14.7 PSIA AND 60° F 


Note: Solid lines are from experimental data 
Dashed lines are extrapolated 
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C.Hio, 1.4 


100.0% 


Hydrate line is for this gas. The hatched 
area denotes probable limits for hydrate 
curves for other natural gases. 
BASED ON DATA BY 
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TANK FORMULAS 


The following formulas have been selected to facilitate the 
rapid calculation of capacities of various types of storage 
tanks in gallons and barrels. 


Uniform Notations: 
B — Capacity of each dished head in United States 
gallons. 
B, — Total capacity of both dished heads in United 
States gallons. 
C, — Total capacity of tank in barrels (of 42 United 
States gallons). 

C,, — Total capacity of tank in United States gallons. 
Cop — Capacity of cylindrical portion of tank in United 
States gallons per foot length. (Flat heads.) 

D — Inside diameter of tank in feet. 

G — Liquid contents of partially filled tank in United 
States gallons. 

L — Length of cylindrical portion of tank in feet. 

b — Dish of head, bead line to inside of plate (height of 
arc) in inches. 

d — Inside diameter of tank in inches. 

h — Depth or height of liquid in tank in inches. 

1 — Length of cylindrical portion of tank in inches. 

r — Radius of dished head (where different from tank 
diameter) in inches. 


Capacity of Vertical Cylindrical Tanks with Flat Heads 

R — Inside radius of tank in feet. 

H — Height of liquid in feet. 

Capacity in United States gallons, per foot depth 
C., = 23.501 Be. 

Total capacity in United States gallons 
C, = 23.50) Bet. 

Total capacity in barrels (of 42 United States gallons) 
C,, = 0.56 R?H. 


Capacity of Horizontal Cylindrical Tanks with Flat Heads 
Total capacity in United States gallons 
C, = 0.0034 d?l. 


Total capacity in barrels (of 42 United States gallons) 
C,, = 0.14 D?®L. 


Capacity of Horizontal Cylindrical Tanks with Dished Heads 


(where radius of dished head equals diameter of tank) 
Total capacity in United States gallons 
C, = 0.0034 d*l + 0.0004664 di’. 
Total capacity in United States gallons 
C, = 5.875 D*L + 0.806 D*. 
Tcial capacity in barrels (of 42 United States gallons) 
C, = 0.14 D*L + 0.019 D*. 
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Capacity of Dished Head of any Radius 


Capacity of each dished head in United States gallons 
B = 0.0045333 b? (3r — b). 


Capacity of Spherical Tanks 
Total capacity in United States gallons 
C, = 0.0022666 d?. 
Total capacity in United States gallons 
C, = 3.9166 D. 


Total capacity in barrels (of 42 United States gallons) 
C,, = 0.093257 D3. 


Liquid Contents of partially filled Tanks 


Horizontal Cylindrical Tanks with Flat Heads: 


Liquid contents in United States gallons. 


l d—22h d—2h ie aed 
G =55;[ 0.004363 a: Cos a ve], 








d 


The notation Cos"! read inverse cosine of 











” ae or are cosine 


— 2h 
z( 
—_- — 2h ; 
d h q 7 ) means the angle (in de- 
1— 2h 


a ¢ 
grees) whose cosine is equal to 





The use of this inverse function can best be illustrated by 
an example: 


Find the number of gallons contained in a horizontal 
cylindrical tank with flat heads, if the tank inside diameter is 
100 inches, the length 50 inches, and the tank is filled with 
liquid to a depth of 10 inches. Substituting in the above 
formula, 


5 
G= Fi | 2.004863 100)2Cos* 





100 —_ 20 100—20 
100” 2 





\ ro(io0 — 165 |. 


G = 0.21645 [ 43.63 Cos? 0.80 — 40\/900 |. 


But, as stated above, Cos 0.80 means “the angle of which 
the cosine is 0.80.” From a table of natural cosines the angle 


is found to be 36° 52’ or 36.87°. Substituting this value for 
Cos 0.80 we have, 


G = 0.21645 (43.63 x 36.87 — 1200), 


G = 0.21645 x 408.6, 
G = 88.45 gallons. 


Note: In calculating liquid contents of partially filled 
tanks, use formula for tanks up to half full. For tanks over 
half full, calculate capacity of unfilled portion and subtract 
from capacity of full tank. 


Spherical Tanks: 


G = Liquid contents in United States gallons 
= 0.0022666h2(3d — 2h). 
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VAPORIZATION OF LIQUID IN PROPANE TANKS 


Many times the question arises, espe- 
cially on peak shaving installations us- 
ing propane: Is it necessary to turn on 
the vaporizers? 

For comparatively short-time peak 
shaving it is possible to obtain suffi- 
cient vapor from the storage tank it- 
self without passing liquid propane 
through the vaporizer. 

It is a well-known fact that the vapor 
pressure of a gas bears a direct rela- 
tionship to the temperature and that 
the latent heat of vaporization is the 
amount of heat required to convert a 
liquid to a gas (also known as boiling 
point) at given pressure and tempera- 
ture conditions; and further: 

“The rate of heat transfer has been 
set at 2 Btu per hour per degrees tem- 
perature differential per sq. ft. of tank 
area in contact with the liquid.” 

Knowing these basic gas laws, we 
can evolve a formula to determine the 
amount of liquid propane vaporized in 
a standard storage tank in one hour. 


2 Btux (T,—T,) x wetted area in sq ft 


LH per gal 
= Gal/hr 
T, = Outside air temperature in de- 
grees F 
T, = Ultimate temperature in de- 
grees F of propane liquid at 
minimum required pressure 
condition 
LH: per gal = Latent Heat of vapori- 
zation (in Btu's) to vaporize one 
gallon of propane at T, 





As an example, let us assume that 
a 30,000 (wc) tank is half full of pro- 
pane (wetted area = 1014 sq. ft.) and 
the outside air temperature is 80 F and 
the required vapor pressure can be as 
low as 10 psi gauge. How many gallons 
per hour is available due to the vapori- 
zation of liquid in storage tank? 

Referring to standard table of ther- 
modynamic properties of propane; 
temperature at 10 psi ga is —20 F; and 
the latent heat of vaporization is 750 
Btu per gal. 

From the above formula — 
2 Btu x (80°F — 20°F) x 1014 sq ft 
750 Btu per gal 
= 271 gal 
With the above conditions, we there- 
fore can vaporize 271 gallons per hour 
without recourse to a vaporizer. 

If this draw ig maintained over a 
iong period of time on a humid day, the 
surface of the tank in contact with the 
liquid will become frosted due to the 
refrigeration action of the liquid vapor- 
ized and the effective temperature 
differential will be substantially re- 


Art E. Wastie, chief engineer, H. Emerson Thomas 
ond Associctes, Westfield, N. J. 
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Vaporization in 30,000 gallon tank, % full—1365 sq ft. 


duced. But in this discussion we are 
considering only comparatively short 
usages so as to obtain maximum vapor- 
ization. 

Using the basic formula, graphs 
have been plotted which give avail- 
able gallons per hour vaporized at 
various Outside temperatures and pres- 


sure requirements of vapor and al 
varying filling heights in a 30,000 gal- 
lon (we) tank containing commercial 
grade propane. 

Referring to the graphs it is possible 
to decide when the vaporizer eq:ip- 
ment will be required to obtain the 
necessary gas load. 
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Giant LPG Terminal and Public Utility Storage Tank 


ACF QUALITY STANDARDS GUARANTEE SATISFACTION 


s Vessels fabricated to ASME, !ICC, USCG or ABS speci- 
fications. 


= Latest manufacturing and inspection techniques. 


w Large stress relieving furnace—up to 12 ft. diameter, 120 
ft. long. 


s Complete X-Ray facilities. 
» Steel grit blasting before priming. 


ws Inspection by Hartford Steam Boiler Inspection and 
Insurance Co. 


T-1 ‘‘Bonus Blimp” LPG Transport 
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STANDARDS FOR 


Storage and Handling of LPG at Utility Gas Plants 


Introduction 


This standard recommends basic requirements. The principal 
purpose of this standard is to outline methods for protection of 
persons and property by providing in a condensed form a standard 
of reference to serve as a guide to all persons concerned with the 
construction and operation of liquefied petroleum gas equipment 
at utility gas plants. 

The term “liquefied petroleum gases” (LPG)* as used in this 
standard shall mean and include any material which is composed 
predominantly of any of the following hydrocarbons, or mixtures 
of them: propane, propylene, butanes, (normal butane or isobu- 
tane), and butylenes. 

In the interest of safety, it is important that persons engaged in 
handling LPG understand the properties of the gases and that 
they be thoroughly trained in safe practices for the handling and 
distribution of these products. 

Under moderate pressure the gases liquefy, but upon relief of 
the pressure readily change into a gas. Advantage of this char- 
acteristic is taken by the industry, and the gases are shipped and 
stored under pressure as liquids. The escape of liquid into the 
atmosphere normally results in instantaneous vaporization, with 
the volume of gases being between 200 and 300 times the volume 
of escaping liquid. When in the gaseous state these gases are 
heavier than air and have a lower limit of combustibility than 
natural or manufactured gas. 

In the case of pure product at atmospheric pressure and below 
31 F, normal butane is a liquid. Propane is a liquid at atmospheric 
pressure at temperatures below minus 44 F and normally does not 
present a flammable liquid hazard. 

Commercially available butane and propane may have different 
liquefying points from those given above because they normally 
contain various percentages of other hydrocarbon products. 


Section 1: General Requirements 


11. Application of Rules 

110. The following standards are intended to apply to utility 
gas companies for the design, construction, location, installation, 
and operation of LPG systems. 

111. When operations involving container charging or trans- 
portation of LPG in liquid form are carried out on the same 
property, these operations shall conform to Standard for the 
Storage and Handling of Liquefied Petroleum Gases (No. 58). 

112. Installations having an aggregate water capacity not ex- 
ceeding 2000 gal shall conform to Standard for the Storage and 
Handling of Liquefied Petroleum Gases (No. 58). 

113. LPG refrigerated storage systems are not covered by this 
standard. 

114. When reference is made to gas in this standard it shall 
refer to LPG in either the liquid or gaseous state. 

115. The term “containers” includes all vessels such as tanks, 
cylinders or drums used for storing LPG. 

116. The term “systems” as used in this standard refers to an 
assembly of equipment consisting essentially of LPG unloading 
equipment, container or containers, major devices such as vapor- 
izers, relief valves, excess flow valves, regulators, etc., and inter- 
connecting piping. Such systems shall include any unloading 
equipment, storage equipment or interconnecting piping up to the 
outlet of the first stage regulator, vaporizer or mixing device, 
whichever is the last unit before the LPG enters other plant equip- 
ment or distribution lines. 

117. The designation of containers used for storing any of the 
LPG defined in this standard shall depend on the type of con- 
struction employed during its fabrication. 

(a) Containers completely fabricated within a plant under 
shop controlled conditions shall be known as “shop fabri- 
cated containers.” 

(b) Containers fabricated in whole or in part at or near 
their final location shall be known as “field erected con- 
tainers.” 

118. The term “buried” refers to installations in which the top 
of the container (excluding the manway) is below the surround- 
ing grade. The term “partially buried” (or mounded) refers to 
installations in which the top of the container is above the sur- 
rounding grade. 

119. The abbreviations “psig” and “psia” as used in this stand- 
ard refer to pounds per square inch gage and pounds per square 
inch absolute, respectively. 


*Epitror’s Note: The abbreviation LPG is used in this extract for 
brevity and should be construed to mean in all cases “‘liquefied petro- 
leum gases” as defined in the paragraph hereby footnoted. 





Reproduced by permission from NFPA Standard 59, copyright 1958, by National 
Fire Protection Association, Boston, Massachusetts. 
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12. Odorizing Gases. 

120. All LPG shall be effectively odorized by an approve: 
agent of such character as to indicate positively, by a distinctiv: 
odor, the presence of gas down to concentration in air of not ove 
one-fifth the lower limit of combustibility; provided, howeve 
that odorization is not required if harmful in the use or furthe 
processing of the LPG, or if odorization will serve no useful pur- 
pose as a warning agent in such use or further processing. 

Note: The lower limits of combustibility of the more commonly used 
liquefied petroleum gases are: Propane, approximately 2 percent; Bu- 
tane, approximately 114 percent. These figures represent volumetric 
percentages of gas in a gas-air mixture in each case. 

13. Testing and Listing of Equipment. 

130. In systems utilizing containers of over 2000-gal water 
capacity, each container valve, excess flow valve, gaging device, 
relief device directly connected on the LPG container and direct 
fired vaporizer shall have its correctness as to design, construction, 
and performance determined by: 

(a) Testing and Listing by Underwriters’ Laboratories, Inc., or 

(b) Testing and Listing by a nationally recognized agency for 

liquefied gas use, or 

(c) The authority having jurisdiction. 

14. Damage from Vehicles. 

140. Where damage to LPG systems from vehicular traffic is 
a possibility, precautions against such damage shall be taken. 
15. Electrical Equipment. 

150. Electrical installations and equipment shall conform to 
the provisions of the National Electrical Code (No. 70) or be 
such as may be required and approved by the authority having 
jurisdiction. 

151. Adequate lighting shall be provided to illuminate operat- 
ing facilities such as walkways and essential control valves. 

16. Sources of Ignition. 

160. Open flames and other sources of ignition shall not be 
permitted in varporizer houses, gas mixing rooms and similar 
locations except direct fired vaporizers shall be located outside 
or in a separate room or building. 


Section 2: Containers 


21. Requirement for Construction and Original Test of Con- 
tainers. 

210. Containers shall be designed, constructed and tested in 
accordance with the Unfired Pressure Vessel Code sponsored by 
either the American Society of Mechanical Engineers (ASME) or 
the American Petroleum Institute and the American Society of 
Mechanical Engineers (API-ASME) or in accordance with the 
rules of the authority under which the containers are installed, 
provided such rules conform with the rules of the ASME Code 
or the API-ASME Code. (See Paragraph 412.) 

(a) Containers constructed according to the 1949 and 
earlier editions of the ASME Code need not comply with the 
paragraphs U-2 to U-10 inclusive and U-19. Containers con- 
structed according to paragraph U-70 are not authorized. 

(b) Containers constructed according to API-ASME 
Code need not comply with the Section I or with appendix 
to Section I of said Code. Paragraphs W-601 to W-606 in- 
clusive in the 1943 and earlier editions of said Code do not 
apply. 

211. The provisions of Paragraph 210 shall not be construed 
as prohibiting the continued use or reinstallation of containers 
constructed and maintained in accordance with the Standard for 
the Storage and Handling of Liquefied Petroleum Gases (No. 58), 
in effect at the time of fabrication. 

23. Design Working Pressure and Classification of Storage 
Containers. 

230. Shop fabricated containers shall be designed and classi- 
fied as shown in Table A (see next page). 

231. Field erected containers shall be built in accordance with 
applicable provisions of the 1950 and later editions of the ASME 
Boiler and Pressure Vessel Code, Section VIII except construc- 
tion under paragraphs UW-52(b) and (e) is not permitted. 





References 


The reader using information in this extract from NFPA Standard No. 59 

should also refer to the following standards: 

a. National Fire Protection Association, Standard No. 58, Storage and 
Handling of Liquefied Petroleum Gases, June 1959. 

b. National Fire Protection Association, Standard No. 59, Storage and 
Handling of Liquefied Petroleum Gases at Utility Gas Plants, May 
1958. 

c. National Bureau of Fire Underwriters, Standards 58 and 30. 

d. Fire codes, Volumes I and V. ‘ 

e. API-ASME Code for Unfired Pressure Vessels for Petroleum Licuids 
and Gases (1951 edition with 1954 Addenda). 

f. Rules for Construction of Unfired Pressure Vessels, Section Ill, 
ASME Boiler and Pressure Vessel Codes (1959). 
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Table A 
mtd Fabricated Containers. 





Minimum Desion WwW orking 
Pressure of Container psig 








1949 edition ot 
ASME Code 
g | (Par. U-200, 
| For gases with 1949 and earlier U-201) ; 1950, 
Container vapor press. Not | edition of ASME | 1952 and 1956 
type to exceed psig Code (Par. | editions of ASME 
at 100 F U-68, U-69) Code ; all editions 
of API-ASME 
Code 
60* 80* 80* 100* 
100 | 100 100 125 
125 125 125 156 
150 150 150 187 
175 175 175 219 
200** 215 200 250 
‘New containers of the 80 type have not been authorized since Decem- 
ber 31, 1947. 
**Container type may be increased by increments of 25. The minimum de- 
sign working pressure of containers shall be 100% of the container type 


designation when constructed under 1949 or earlier editions of the ASME 


Code (Par. U-68 and U-69). 


The minimum design working pressure of 


containers shall be 125% of the container type designation when con- 


structed under: 


(1) the 1949 ASME Code (U-200 and U-201), (2) 1950, 


1952 and 1956 editions of the ASME Code; and (3) all editions of the 
API-ASME Code. 


eae 


Note: Because of low soil temperatures usually encountered, and the 
insulating effect of the earth, the average vapor pressure of products 
stored in underground containers will be materially lower than when 
stored aboveground. This reduction in actual operating pressure there- 
fore provides a substantial corrosion allowance for these containers 
when installed underground. 


Field erected containers shall be designed for a pressure 


not less than the maximum vapor pressure of the product at 100 F 


to 


be stored in the container, but in no case shall the container be 


designed for a pressure of 25 psig or less. (For containers of 25 
psig or less refer to Flammable Liquids Code, No. 30.) 


233. The shell or head thickness of any container shall not be 


less than 3/16-in. 


24. Markings on Containers. 


240. Each container shall be marked as specified in the fol- 


lowing: 





. 
9: () 


(a) With a marking identifying compliance with, and 
other markings required by the rules of the code under which 
the container is constructed; or with the stamp and other 
markings required by the National Board of Boiler & Pres- 
sure Vessel Inspectors. 

Underground: Container and an accessible name plate. 
Aboveground: Container. 

(b) With notation as to whether system is designed for 

underground or aboveground installation. 


Underground: Container and an accessible name plate. 
Aboveground: Container. 


(c) With the water capacity of the container in gallons, 
U. S. Standard. 


Underground: Container and an accessible name plate. 
Aboveground: Container. 


(d) With the pressure in psi for which the container is 
designed. 
Underground: Container and an accessible name plate. 
Aboveground: Container. 


(e) With the wording “This container shall not contain 
a product having a vapor pressure in excess of — psig at 
100 F.” (See Paragraphs 230 and 232.) 


Underground and aboveground: A name plate or tag on filler 
connection. p 
(f) With the outside surface area in square feet. 
Underground: Container and an accessible name plate. 
Aboveground: Container. 


(g) With marking indicating the maximum level to which 
the container may be filled with liquid at temperatures be- 
tween 20 F and 130 F except on containers provided with 
fixed maximum level indicators. Markings shall be in in- 
crements of 20 F. 


Aboveground and underground: System name plate or on liquid 
level gaging device. 


Location of Containers. 

Aboveground Containers. 

(a) Containers shall be located outside of buildings. 
(b) Containers shall be located in accordance with 
rable B (see above). 

(c) When the installation consists of a container or con- 
ainers with an aggregate water capacity in excess of 180,000 
tal, they and their loading stations should be located 100 ft 
4 more trom buildings occupied for generation, compres- 
ion or purification of manufactured gas, or from natural gas 
ompressor buildings, or from outdoor installations essential 
0 the maintenance of operation in such buildings, and should 
e 100 ft or more from aboveground storage of flammable 
iquids and from any buildings of such construction or oc- 
upancy which constitutes a material hazard of exposure to 


Table B 
Lectiee of Containers. 





Minimum Distances 





From container to nearest 





Water capacity of important building or group 


each container Between containers} of buildings, or a property 








gallons | line which may be built upon 
2,001 to 30,000 5 ft 50 ft 
30,001 to 70,000 1, of sum of diam- 75 ft 
eters of adjacent 
containers 
70,001 to 125,000 i 100 ft 
125, 001 to 200, 000 200 ft 
+The minimum distance requirement for spacing between containers when 


the water capacity of a container is 180,000 gal or more shall be at least 


25 ft. 


The minimum distance requirement for spacing between groups of 


containers when a group of two or more containers has an aggregate 
water capacity of 180,000 gal or more shall be at least 25 ft. 
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253. 
shall be kept clear of readily ignitable material such as weeds and 
long dry grass. 

254. 
populated or congested areas, the authority having jurisdiction 
shall determine restrictions of individual tank capacity, total stor- 
age, distance to line of adjoining property which may be built on 
or other reasonable protective methods. 

26. 


260. Aboveground Containers 


the containers in the event of fire or explosion in said build- 
ings. If the container or containers are located closer than 
50 ft to any such buildings or installations, then the latter 
shall be protected by walls adjacent to such storage con- 
tainers or by other appropriate means against the entry of 
escaped LPG, or of drainage from the storage container area 
and its loading points, — all in such a manner as may be 
required and approved by the authority having jurisdiction. 

(d) LPG containers shall not be located within dikes en- 

closing flammable liquid tanks. 
251. Underground Containers. 

(a) Underground containers shall include both buried 
and partially buried (or mounded) containers. 

(6) Containers shall be located outside of any buildings. 
Buildings or roadways shall not be constructed over any 
underground containers. Sides of adjacent containers shall 
be separated by not less than 3 ft. 

(c) When containers are installed parallel with ends in 
line, any number of containers may be in one group. When 
more than one row is installed, the adjacent ends of the 
tanks in each row shall be separated by not less than 10 ft. 

(d) Containers and their loading stations shall be located 
not less than 50 ft from the nearest important building or 
group of buildings or line of adjacent property which may 
be built upon. 

(e) The containers and their loading stations should be 
located not less than 50 ft from buildings occupied for gener- 
ation, compression or purification of gas, or from outdoor 
installations essential to the maintenance of operation in 
such buildings. They should be located not less than 50 ft 
from aboveground storage of flammable liquids and from 
any buildings of such construction or occupancy which con- 
stitutes a severe exposure to any aboveground appurtenances 
of the underground installation in the event of fire or ex- 
plosion in said buildings. If the underground installations by 
necessity are located closer than 50 ft to any such buildings 
or installations, then the latter shall be protected against the 
entry of escaping LPG, in such a manner as may be required 
and approved by the authority having jurisdiction. 

Containers shall not be stacked one above the other. 
The ground within 25 ft of any aboveground container 


In cases where containers are to be installed in heavily 


Installation of Storage Containers. 


(a) Every container shall be supported to prevent the 
concentration of excessive loads on the supporting portion 
of the shell or heads. 

(b) Supports for containers shall be of solid masonry, 
concrete or steel. Structural metal supports may be employed 
when they are protected against fire in an approved manner. 
Steel supports shall be protected against fire with a material 
having a fire resistance rating of at least two hours. Steel 
skirts having only one opening shall be protected as above 
but fireproofing need only be applied to the outside of the 
skirt. 

(c) Horizontal containers shall be mounted on saddles in 
such a manner as to permit expansion and contraction, not 
only of the container but also of the connected piping. Only 
two saddles shall be used. 

(d) Suitable means to prevent corrosion shall be provided 
on that portion of the container in contact with the founda- 
tions or saddles. 

(e) Containers should be kept properly painted or other- 
wise protected from the elements. 
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261. Underground Containers 

(a) Buried containers shall be placed so that the top of 
the container is not less than 6-in. below the grade of the sur- 
rounding area. Partially buried (or mounded) containers 
shall have not less than 12-in. of cover, sufficient to provide 
surface drainage without erosion or other deterioration. 

(b) The container manway shall not be covered with the 
backfill or mounding material. Under conditions where the 
container manway cover is below the ground level, a man- 
way providing sufficient access shall be installed. No other 
part of the container shall be exposed. 

(c) The containers shall be set on a firm foundation or 
firm undisturbed earth and surrounded with soft earth or 
sand well tamped into place. Provision shall be made to take 
care of settling and rotation. 

(d) Containers shall be adequately protected against 
corrosion. 

(e) Bottom connections to the container shall be pro- 
hibited. All connections shall be in the container manway 
or at openings along the top length of the container. 

262. Field welding where necessary shall be made only on 
saddle plates or brackets which were applied by manufacturer of 
container, except as provided by the code under which the con- 
tainer was fabricated. 

263. Secure anchorage or adequate pier height shall be pro- 
vided to protect against container flotation wherever sufficiently 
high water might occur. 

264. When flammable liquid storage tanks are in the same 
general area as LPG containers, the flammable liquid storage 
tanks shall be diked or diversion curbs or grading used to prevent 
accidentally escaping flammable liquids from flowing into LPG 
container areas. 

265. The container storage area shall be fenced or otherwise 
protected where necessary and at least two points of access 
through the fencing shall be provided. 

27. Re-Installation of Containers. 

270. Containers once installed underground or aboveground 
which have been out of service for more than one year, shall not 
be re-installed aboveground or underground, unless they success- 
fully withstand hydrostatic pressure retests at the pressure 
specified for the original hydrostatic tests as required by the code 
under which constructed, and show no evidence of serious cor- 
rosion. Re-installation of containers in all other respects shall be 
in accordance with all the provisions listed in this standard. (See 
Paragraph 265. See also Section 5 for relief valve requirements. ) 
28. Gaskets. 

280. Gaskets for use on storage containers shall be fabricated 
with materials which have a melting point over 1000 F. Alumi- 
num O-ring and spiral wound metal asbestos gaskets are recom- 
mended. Whenever a flange is opened the gasket should be 
replaced. 

29. Filling Densities. 

290. The “filling density” is defined as the percent ratio of 
the weight of the LPG in a container to the weight of water the 
container will hold at 60 F. The filling densities for storage con- 
tainers shall not exceed the following: 


MAXIMUM PERMITTED FILLING DENSITY 
Specific Gravity 


at 60 F Aboveground Containers Underground Containers 
478—.480 . . -© «© «© « 41% 42% 
B1—.488 . 1. © © « «@ 42 43 
489—.495 . . . «© © 43 44 
496—.503 . ...-. - 44 45 
~04—-.5610 . 1. «© © © « 45 46 
611—.519 . . . +. « » 46 47 
20—.527 . . « «© © « 47 48 
.528—.5386 . . 1. © «© - 48 49 
637—.544 . . 1. 2. © 49 50 
545—.652 . . «© «© © « 50 51 
ES a ee ee 51 52 
BOl—668 . . © © © 52 53 
669—.576 . . « 2 « 53 54 
2 SS ee 54 55 
-585—.592 . . . .« © « 55 56 
6908—.600 . . - © «© - 56 57 
Be ee ee ee 57 58 
6008—.617 . . .« «© «© -» 58 59 
ro SS a ee ee 59 60 
PO | ee ee ee 60 61 


291. The maximum liquid volume in percent of the total con- 
tainer capacity may be determined for LPG at any liquid temper- 
ature by using the formula shown in Appendix C. 


Section 3: Piping, Valves, Gaging Devices 


31. Piping Materials. 

310. Seamless copper, brass, or steel pipe or tubing may be 
used for sizes %-in. or under. All piping and pipe fittings over 
1%4-in. size, connected to a storage container, shall be made of 
steel. All piping or tubing shall be designed and tested after in- 
stallation at 1% times the maximum working pressures to which 
it may be subjected. 
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311. Piping connections external to the container for size 
over 2-in. nominal pipe diameter shall be welded flanges o; 
straight welded, with the possible exception of piping connection 
for excess flow valvgs and for relief valve risers. 

312. The use of cast iron valves, pipe and fittings shall b 
prohibited in piping carrying LPG in the liquid phase. 

313. Valve seat material, packing, gaskets, etc., shall be re- 
sistant te the action of LPG in the liquid phase. 

314. All piping, tubing, fittings and the valves shall be teste: 
after assembly and proved free from leaks at not less than normal 
operating pressures. Test shall not be made with a flame. 

315. Provision shall be made for expansion, contraction, jar- 
ring and vibration, and for settling. 

316. Piping outside buildings may be buried, aboveground, 
or both, but shall be well supported and protected against physi- 
cal damage and corrosion. 

32. Container Valves and Accessories. 

320. All shut-off valves and accessory equipment (liquid or 
gas) shall be suitable for use with LPG, and designed for not 
less than the maximum pressure to which they may be sub- 
jected. Valves which may be subjected to container pressure 
shall have a rated working pressure of at least 250 psig. Cast iron 
valves, piping and fittings shall be prohibited on LPG containers 
and their connections. 

321. All connections to containers, except safety relief con- 
nections and gaging devices shall have shut-off valves located as 
close to the container as practicable. 

322. Excess flow valves where required by this standard 
shall close automatically at those rated flows of vapor or liquid as 
specified by the manufacturer. The connections or line including 
valves, fittings, etc., downstream of an excess flow valve shall 
—_ a greater capacity than the rated flow of the excess flow 
valve. 

323. Except as provided in Paragraphs 324 and 342 all liquid 
and vapor connections on containers except safety relief con- 
nections shall be equipped with approved automatic excess flow 
valves or with back pressure check valves. 

324. Openings from a container or through fittings attached 
directly on the container to which pressure gage connection is 
made need not be equipped with an excess flow valve if such 
openings are not larger than No. 54 drill size. 

325. Excess flow and back pressure check valves where re- 
quired by this standard shall be located inside of the container 
or at a point outside where the line enters the container; in the 
latter case, installation shall be made in such a manner that any 
undue stress beyond the excess flow or back pressure check valve 
will not cause breakage between the container and such valve. 

326. Excess flow valves shall be designed with a by-pass, not 
to exceed a No. 60 drill size opening to allow equalization of 
pressures. 

327. All inlet and outlet connections except safety valves, 
liquid level gaging devices and pressure gages on any container 
shall be labeled or color coded to designate whether they are con- 
nected to vapor or liquid space. Labels may be on valves. 

328. Each storage container shall be provided with a suitable 
pressure gage. 

33. Filler and Discharge Pipes, Manifolds. 

330. Piping connections between container and manifold 
should be designed to provide adequate allowances for contrac- 
tion, expansion, vibration, and settlement. Compression type 
couplings shall not be considered suitable for this purpose. 

331. It is desirable that liquid manifold connections be located 
at non-adjacent ends of parallel rows of containers. 

332. The use of non-metallic hose is prohibited for inter- 
connecting stationary containers. 

333. A good test for determination of piping stresses consists 
of unbolting piping at a flange and noting whether the flange 
remains in proper alignment. 

334. The filling pipe inlet terminal shall not be located inside 
a building. Such terminals shall be located not less than 10 ft 
from any building, and preferably not less than 5 ft from any 
driveway, and shall be properly supported and protected from 
physical damage. 

335. A shut-off valve shall be provided in liquid piping for 
each section of pipe containing 500-gal capacity when the pipe 
is within 300 ft of storage containers or other important above- 
ground structures. 

336. When the liquid line manifold connecting containers in 
a group has a volumetric capacity of more than 100-gal, such 
container manifolds shall be located not less than 100 ft from 
the nearest adjacent property owned by others which may be 
built upon. The manifold piping terminates at the first |ine 
valve which may be used to isolate the manifolded contairers 
from any other part of the liquid line system. 

337. If more than three storage containers discharge liquid 
into a manifold whose nominal diameter is greater than 2 in. 
and if the flow capacity of such manifold is less than the total 
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discharge capacity of the discharge lines from the containers, one 
of the following for each container shall be provided: 

(a) A remoiely controlled external shut-off valve in com- 
bination with an excess flow valve. 

(b) A remotely controlled quick-closing valve which 
shall remain closed except during operating periods. The 
mechanism for such valves may be provided with a second- 
ary control equipped with a fusible release (not over 220 F 
melting point) which will cause the quick-closing valve to 
close automatically in case of fire. 

34. Liquid Level Gaging Device. 

340. Each container shall be equipped with a liquid level 
gaging device of approved design, for example, a rotary gage, 
slip tube, an automatic outage tank, magnetic or fixed tube de- 
vice. If the liquid level gaging device is a float type or a pressure 
differential type, the container shall also be provided with a fixed 
dip tube, slip tube, rotary gage or similar device. 

341. All gaging devices shall be arranged so that the maxi- 
mum liquid level for butane, for a 50-50 mixture of butane and 
propane, and for propane, to which the container may be filled 
is readily determinable. 

342. Gaging devices that require bleeding of the product 
to the atmosphere, such as the rotary tube, fixed tube and slip 
tube, shall be so designed that the bleed valve maximum opening 
is not larger than a No. 54 drill size, unless provided with an ex- 
cess flow valve. 

343. Gaging devices shall have a design working pressure 
of at least 250 psig. 

344. Length of a fixed tube device shall be designed to indicate 
the maximum level to which the container may be filled for the 
product contained. This level s..all be based on the volume of the 
product at 40 F at its maximum permitted filling density for 
aboveground containers and at 50 F for buried containers. 
(Refer to Appendix D in NFPA-59 for calculating filling point 
for which tube shall be designed.) 

345. Gage glasses of the columnar type shall not be permitted. 
35. Hose Specifications. 

350. Hose shall be fabricated of materials that are resistant 
to the action of LPG. 

351. Hose subject to container pressure shall be designed for 
a bursting pressure of not less than five times the pressure for 
which the container was designed. Hose connections when made 
shall be capable of withstanding a test pressure of twice the pres- 
sure for which the container is designed. 

352. Hose and hose connections located on the low-pressure 
side of regulators or reducing valves shall be designed for a burst- 
ing pressure of not less than 125 psi but not less than five times 
the pressure setting of the safety relief devices protecting that 
portion of the system. There shall be no leakage from assembled 
hose connections. 

36. Drips, Pits and Drains. 

360. Where vaporized gas may condense, suitable means shall 

be provided for re-vaporization or disposal of the condensate. 
361. Every effort should be made to avoid the use of pits. If 
pits are used they shall be fitted with continuous automatic 
flammable vapor detecting devices equipped with an alarm. No 
drains or blow-off lines shall be directed into or in proximity to 
sewer systems used for other purposes. 

37. Pumps and Compressors. 

370. Each pump and compressor shall be suitable for the 
LPG service intended. Each pump and compressor shall be marked 
with its maximum working pressure. 

38. Protection of Container Accessories, Grounding. 
380. Valves, regulating, gaging, and other container acces- 
= equipment shall be protected against tampering and physical 
amage. 
NOTE: The use of locks is not usually desirable because it prevents 
access in case of emergency. 

381. All connections on underground containers shall be 
located within a substantial dome, housing, or manhole and pro- 
tected by a substantial round cover. (See Paragraph 541.) 

_ 382. Aboveground containers shall be electrically grounded 
in an effective manner. (See Report of NFPA Committee on 
Static Electricity, No. 77.) 


Section 4: Vaporizers 
41. General. 

410. LPG storage containers shall not be directly heated with 
Open i! 1mes. 

411. Heating or cooling coils shall not be installed inside 
of a si rage container. 

412. Vaporizers shall not be equipped with fusible plugs for 
Pressu:< relief. 

413. Vaporizer houses shall not have drains to sewers or 
SuMp pits. 
42. Vevorizers Not Directly Heated With Open Flames. 
420. Vaporizers constructed in accordance with the require- 
ments .f the ASME Unfired Pressure Vessel Code shall be per- 
Manen y marked as follows: 
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(a) With the code marking signifying the specifications 
to which vaporizer is constructed. 

(b) With the allowable working pressure and tempera- 
ture for which the vaporizer is designed. 

(c) With the sum of the outside surface area and the 
inside heat exchange surface area expressed in square feet. 

(d) With the name or symbol of the manufacturer, date 
of manufacture, and serial number. 

421. Vaporizers having an inside diameter of 6 in. or less 
exempted by paragraph U-1l(a) of the ASME Unfired Pressure 
Vessel Code shall have a design working pressure not less than 
250 psig and need not be permanently marked. 

422. Vaporizers shall not be installed in the same room with 
units furnishing air other than for a LPG mixing device. Vapor- 
izers may be installed in buildings, rooms, sheds, or lean-tos, 
other than those in which open flames or fires may exist. Such 
structures shall be of light fire resistive construction or equivalent, 
well ventilated near the floor line and at the highest point in the 
roof. 

423. A shut-off valve shall be installed on the liquid line to 
the LPG vaporizer unit at least 50 ft from the vaporizer building. 

424. The heating medium lines into and leaving the vaporizer 
shall be provided with suitable means for preventing the flow 
of gas into the heat systems in the event of tube rupture in the 
vaporizer. Vaporizers shall be provided with suitable means to 
prevent liquid passing from the vaporizers to the gas discharge 
piping. 

425. The device that supplies the necessary heat for pro- 
ducing steam, hot water, or other heating medium shall be 
separated from all compartments or rooms containing LPG 
vaporizers, pumps, and central gas mixing devices by a wall of 
substantially fire resistive material and vaportight construction. 
43. Direct Fired Vaporizers. 

430. Each vaporizer shall be marked to show the name of 
the manufacturer; rated British Thermal Unit input to burners; 
the area of the heat exchange surface in square feet; and the 
maximum vaporizing capacity in gallons per hour, and date and 
serial number. 

431. No direct fired vaporizers shall be located closer than 
50 ft to line of adjoining property upon which structures may 
be built. They shall also be located a minimum distance of 50 
ft away from any LPG storage container. 

432. No direct fired vaporizer shall be connected to a con- 
tainer that has a storage capacity in gallons, less than 10 times 
the hourly capacity of the vaporizer in gallons. Vaporizers may 
be connected to the liquid section or the gas section of the storage 
container, or both; but in any case there shall be at the container 
a manually operated valve in each connection to permit complete 
shutting off, when desired, all flow of gas or liquid from container 
to vaporizer. 

433. Vaporizers may be installed in buildings, rooms, hous- 
ings, sheds, or lean-tos used exclusively for vaporizing or mixing 
of LPG. Ail vaporizer housing structures shall be of light fire 
resistive construction, well ventilated near the floor line and 
the highest point of the roof. 

434. When vaporizers and mixing equipment are installed 
in structures that house other facilities, the vaporizers and mixing 
equipment room shall be separated from the other parts of the 
building with fire resistive, vaportight walls. 

435. Vaporizers shall be provided with suitable automatic 
means to prevent liquid passing from the vaporizer to the gas 
discharge piping of the vaporizer. 

436. Vaporizers shall be provided with a means for turning 
off the gas to the main burner and pilot from a remote location. 

437. Vaporizers shall be equipped with automatic safety 
devices to shut off the flow of fuel to main burners and pilot, if 
the ignition device should fail. 

438. Pressure control equipment which is a pertinent part 
of the vaporizer, if located within 10 ft of the vaporizer, shall 
be separated from the open flame by a substantial vaportight, 
fire resistive partition or partitions. 

439. No direct fired vaporizer shall raise the product pressure 
over the designed working pressure of the vaporizer equipment. 


Section 5: Relief Devices 


51. General. 

All relief device installations shall comply with the following: 

510. Relief devices on containers shall be so arranged that 
the possibility of tampering will be minimized; if the pressure 
setting or adjustment is external, the relief devices shall be 
provided with an approved means for sealing the adjustment. 

$11. Each container relief device shall be plainly and perma- 
nently marked with the “Container Type,” of the pressure vessel 
on which the device is designed to be installed, with the pressure 
in psig at which the device is set to start to discharge, with the 
actual rate of discharge of the device at its full open position 
in cubic feet per minute of air at 60 F and atmospheric pressure, 
and with the manufacturer’s name and catalogue number; for 
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example, T-200 — 250—15,000 AIR — indicating that the device 
is suitable for use on a Type 200 container, that it is set to start 
to discharge at 250 psig, and that its rate of discharge at full 
open position (See 532 and 533) is 15,000 cu ft per min of air. 

512. The capacity of container relief valve discharge flow- 
rate shall be determined by use of Appendix A. 

513. Connections to which relief devices are attached, such 
as couplings, flanges, nozzles, and discharge lines for venting, 
shall have internal dimensions that will not restrict the net 
relief area. 

514. The size of the relief device outlet connection shall not 
be smaller in diameter than the nominal size of the relief outlet 
en and shall not appreciably restrict flow through the 
relief. 

515. All container relief devices shall be located on the 
containers and shall be connected with the vapor space of the 
container. 

516. No shut-off valve shall be installed between the relief 
device and the container, equipment, or piping to which the 
relief device is connected except that a shut-off valve may be 
used where the arrangement of this valve is such that full 
required capacity flow through the relief device is always afforded. 

Nore: The above exception is made to cover such cases as a three- 
way valve installed under two relief devices, each of which has the re- 
quired rate of discharge. The installation will allow either of the reliefs 
to be closed but does not allow both reliefs to be closed at the same time. 

Another exception to this may be where two separate reliefs are in- 

stalled with individual shut-off valves. In this case the two shut-off valve 

stems shall be mechanically inter-connected in a manner which will 
allow full required flow of one relief at all times. 

517. Relief device discharge vents shall be installed in a 
manner which will provide protection against physical damage 
and such discharge pipes shall be fitted with loose raincaps. 
Return bends and restrictive pipe fittings shall not be permitted. 

518. If desired, discharge lines from two or more relief devices 
located on the same unit, or similar lines from two or more 
different units, except those located on storage containers, may 
be run into a common discharge header, provided that the 
cross sectional area of such header be at least equal to the sum of 
the cross sectional area of the individual discharge lines, and that 
the setting of relief devices is the same. 

519. Discharge from a relief device shall not terminate in 
any building, beneath any building, or in any other kind of con- 
fined area. The discharge from all relief devices, except those 
installed between shut-off valves, shall be piped to a point not 
less than 3 ft above the highest point of any building within 50 ft. 
52. Testing Relief Devices. 

520. Frequent testing of relief devices, as would be required 
where there is a probable increase or decrease in the releasing 
pressure of the device due to clogging, sticking, corrosion or 
exposure to elevated temperatures, is not necessary for such 
devices on LPG containers for the following reasons: 

(a) The gases are so-called “sweet gases,” i.e., they have 
no corrosive effect on metals; the devices are constructed 
of materials not readily subject to corrosion and are pro- 
tected against the weather when installed in pressure vessels. 
Further, the temperature variations are not sufficient to 
bring about any permanent set of spring mechanisms. 

(b) Therefore the testing and inspecting of relief devices 
to check relief pressure settings is required only at about 
five-year intervals. 

53. On Aboveground Containers. 

530. Every container shall be provided with spring loaded 
relief valves or their equivalent. 

531. The discharge from the relief devices shall be vented 
away from the container, and unobstructed to the open air in a 
manner to prevent any impingement of escaping gas upon the 
container, adjacent containers, piping and other equipment. The 
vents shall be fitted with loose fitting raincaps. Suitable provision 
shall be made to prevent any liquid or condensate that may 
accumulate inside the relief device or its vent from rendering the 
relief device inoperative. If a bottom drain is used, a means shall 
be provided to protect the container, adjacent containers, piping 
of equipment against impingement of flame resulting from 
ignition of product escaping from the drain. The vent piping 
shall extend upward at least 7 ft above the top of the container. 

532. Container relief device shall be set to start to discharge 
as follows, with relation to the design working pressure of the 
container: 


Containers Minimum Maximum* 
1949 and earlier Edition of ASME Code: 
SO ee age ps we a OO 125% 
1949 edition of ASME Code: Par. U-200, U-201; 
1950 & 1952 Editions of ASME Code. .. . 88 100 
All Editions of API-ASME Code. . es ei 88 100 


*Note: A plus tolerance of 10% is permitted. 


533. Relief devices on containers shall be constructed to 
discharge at not less than the rates shown in Appendix A, before 
the pressure is in excess of 120 percent of the maximum per- 
mitted start to discharge pressure setting of the devices. 

534. In certain locations sufficiently sustained sun tempera- 
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tures prevail which will require the use of a lower vapor pressure 
product to be stored or the use of a higher designed pressur« 
vessel in order to prevent the container relief device fron 
opening as a result of these temperatures. As an alternative th: 
containers may be protected by cooling devices such as wate 
sprays, by shading, or other effective means. 

54. On Underground Containers. 

540. Relief devices shall meet all conditions outlined fo 
Aboveground Containers but the discharge in this case shall b: 
piped vertically and directly upward to a point at least 7 ft abov 
the ground. 

541. When there is a probability of the manhole or housing 
becoming flooded, the discharge from regulator vent lines should 
be above such water level. All manholes or housings shall be 
provided with ventilated louvers or their equivalent. 

55. On Vaporizers. 

550. Each vaporizer shall be provided with a relief device 
providing an effective rate of discharge in accordance with 
Appendix B. 

551. Relief valves on direct fired vaporizers shall be located 
so that they shall not be subjected to temperatures in excess of 
140 F. (See Paragraph 51 for other requirements on relief 
devices. ) 

56. Between Shut-Off Valves. 

560. A relief device shall be installed between each pair of 
shut-off valves on LPG liquid piping so as to relieve into a 
safe atmosphere. It is recommended that the start to discharge 
pressure of such relief devices be not in excess of 500 psig. 

57. At Discharge of Final Stage Regulators. 

570. When the discharge pressure from the final stage regu- 
lator is not more than 5 lb, the low-pressure side shall be 
equipped with a relief device, set to relieve at not less than 2 times, 
and not more than 3 times the discharge pressure but not more 
than 5 lb in excess of the discharge pressure. When the discharge 
pressure is more than 5 Ib, the relief shall be set to not less 
than 1% times and not more than 2 times the discharging 
pressure. Regulator breather vents shall be piped outside the 
building and equipped with insect-proof terminal screens. 


Section 6: Handling 


61. Transfer of Liquids Within a Utility Plant. 

610. LPG in liquid form may be transferred from tank cars, 
or tank trucks, or storage within a utility plant either by liquid 
pump or by pressure differential. 

(a) Pumps and compressors used for transferring LPG 
shall be designed for the product handled. 

(b) Pressure differential for transferring liquid should 
be developed by a vapor compressor which takes suction 
from the vapor space of the LPG container being filled and 
discharges into the vapor space of the container being 
emptied. 

611. Under certain conditions, it may be necessary to create 
a pressure differential by using fuel gas, air, or inert gas, which 
is at a pressure higher than the pressure of the LPG in the con- 
tainer being filled. This may be done under the following con- 
ditions: 

(a) Adequate precautions must be taken to prevent LPG 
from flowing back into the fuel gas, air, or inert gas line 
or system by installing two back flow check valves in series 
in these lines at the point where they connect into the LPG 
system. In addition, a manually operated positive shut-off 
valve shall be installed at this point. 

(b) Any fuel gas, air, or inert gas used to obtain a pres- 
sure differential to move liquid LPG shall be noncorrosive 
and dried to avoid stoppage by freezing. 

(c) If a fuel gas, air, or inert gas is used to obtain a pres- 
sure differential to move liquid LPG, consideration should 
be given, after the operation is discontinued, to removing 
the fuel gas, air, or inert gas from the container into which 
it was placed, such as by venting. This should be done only 
if the vented gas can be conducted to a proper vent, pref- 
erably a distance from the plant and then properly dis- 
posed of. 

(d) Before any fuel gas, air, or inert gas is placed in 3 
tank car for unloading LPG by pressure differential, per- 
mission should be obtained from the vendor of the 1.PG 
to introduce such vapors into the tank car or a tank truck. 

612. At least one attendant shall remain close to the transfer 
connection from the time the connections are first made until 
they are finally disconnected, during the transfer of product. _ 

613. The maximum vapor pressure of the product at 100 F 
which may be transferred into a container shall be in accordance 
with Paragraph 230. 

614. Where needed unloading piping or hoses shall be pro- 
vided with suitable bleeder valves for relieving pressure before 
disconnection. 

615. Precaution shall be exercised to assure that only ‘hose 
gases for which the system is designed, examined, and liste’, are 
employed in its operation, particularly with regard to pres:ures 
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62. Tank Car Loading and Unloading Point. 

620. The track of tank car siding shall be relatively level. 

621. A TANK CAR CONNECTED sign, as covered by ICC 
(interstate Commerce Commission) rules, shall be installed at 
the active end or ends of the siding while the tank car is con- 
nected for unloading. 

622. While cars are on side-track for unloading, the wheels 
al both ends shall be blocked on the rail. 

623. A man shall be in attendance at all times while the tank 
car or cars are being unloaded. 

624. The pipeline to which the tank car unloading hoses are 
connected shall be equipped with a back flow check valve to 
prevent discharge of the LPG from the receiving container and 
line in case of rupture of line hose or fittings. 

625. The tank car unloading point should be located with due 
safety consideration to the following: 

(a) Proximity to railroad and highway traffic. 

(b) The distance of such unloading point from adjacent 

property. 

(c) With respect to buildings on installer’s property. 

(d) Nature of occupancy. 

(e) Topography. 

(f) Type of construction of buildings. 

(g) Number of tank cars that may be safely unloaded at one 

time. 

(h) Frequency of unloading. 

626. Where practical, the distance of the tank car unloading 
point should conform to the distance in Paragraph 250 except 
that lesser distances may be used, keeping in mind the above 
items and upon approval of the authority having jurisdiction. 


Section 7: Fire Protection 


71. Fire Protection. 
710. The wide range in the size, design, and location of 
utility plant LPG installations makes the recommendations of any 


specific kind or method of fire protection impractical. The plan- 
ning of effective fire protection should initially be coordinated 
with the protection practices followed in other sections of the 
particular utility company and should give due consideration to 
the requirements of the authority having jurisdiction. 


711. Gas fires should not be extinguished until the source 
of the burning gas can be shut off. Remotely operated or re- 
motely located pipeline valves may be advantageously used for 
fire control under many circumstances (see Paragraphs 335, 337 
and 423). 

712. Hand or wheeled fire extinguishers designed for gas fires, 
preferably of the dry chemical type, should be available at each 
strategic location within an LPG plant. 

713. Supplies of water may be utilized through hose lines pref- 
erably equipped with combination (spray and straight stream) 
nozzles to permit widest adaptability in fire control. If sufficient 
quantities of water can be made available, complete water spray 
protection can be given consideration. The water is used for 
the sole purpose of cooling equipment, foundations, and piping. 
It shall not be relied upon for extinguishing gas fires. 

714. Fire-resistive insulation may be utilized for protecting 
metal against heat. Care in selecting and applying such insula- 
tion is necessary since effectiveness is dependent on its ability 
to stay in place on a container during a fire. 

715. Where standard watchman service is provided it shall 
be extended to the LPG installation; such personnel shall be 
properly trained. 

716. Suitable roadways or means of access shall be provided 
for extinguishing equipment such as wheeled extinguishers or 
other fire department apparatus. 

717. Routine fire drills and inspections should be scheduled 
and operating personnel thoroughly trained in the use of available 
fire-fighting equipment and the location and use of all gas and 
liquid piping and valves. 





Appendix A. 


Minimum Required Rate of Discharge in cubic feet per minute of air at 
120% of the maximum permitted start to discharge pressure for safety 
reliet devices to be used on containers other than those constructed in ac- 
cordance with Interstate Commerce Commission specifications. 


Surface Flow Rate Surface Flow Rate Surface Flow Rate 
Area CFM Area CFM Area CFM 
Sq Ft Air Sq Ft Air Sq Ft Air 

20ocrless 626 170 3620 600 10170 
25 751 175 3700 650 10860 
30 872 180 3790 760 11550 
35 990 185 3880 750 12220 
40 1100 190 3960 800 12880 
45 1220 195 4050 850 13540 
50 1330 200 4130 900 14190 
55 1430 210 4300 950 14830 
60 1540 220 4470 1000 15470 
65 1640 230 4630 1050 16100 
70 1750 240 4800 1100 16720 
75 1850 250 4960 1150 17350 
80 1950 260 5130 1200 17960 
85 2050 270 5290 1250 18570 
90 2150 280 5450 1300 19180 
95 2240 290 5610 1350 19780 
100 2340 300 5760 1400 20380 
105 2440 310 5920 1450 20980 
110 2530 320 6080 1500 21570 
115 2630 330 6230 1550 22160 
120 2720 340 6390 1600 22740 
25 2810 350 6540 1650 22320 
130 2900 360 6690 1700 23900 
135 2990 370 6840 1750 24470 
140 3080 380 7000 1800 25050 
145 3170 390 7150 1850 25620 
150 3260 400 7300 1900 26180 
15 3350 450 8040 1950 26750 
16( 3440 500 8760 2000 27310 
16 3530 550 9470 


Surface Area = Total outside surface area of container in square feet. 

When the surface area is not stamped on the name plate or when the 
marking is not legible, the area can be calculated by using one of the fol- 
lowing formulas: 

(1) Cylindrical container with hemispherical heads 
Area = Overall length X outside diameter X 3.1416 
Cylindrical container with semi-ellipsoidal heads 
Area = (Overall length + .3 outside diameter) X outside diameter 
>. X Sraie. 
(3) Spherical container 

\rea = Outside diameter squared X 3.1416 


Flow Rate-CFM Air — Required flow capacity in cubic feet per minute 
0’ air at standard conditions, 60F and atmospheric pressure (14.7 psia). 

TI ate of discharge may be interpolated for intermediate values of sur- 

face a. For containers with total outside surface area greater than 200 

sq ft the required flow rate can be calculated using the formula, Flow 

Rate-. FM Air = 53.632 A°-°2, 

Whe: 


9 
le 


A total outside surface area of the container in square feet. ; 

Val es not marked ‘Air’ have flow rate markings in cu ft per min of 
aby at were calculated by using the factors listed below. These same 
acto 


A may be used to reconvert to cu ft per min of air for use in present 
Appe jix A, 


Air Conversion Factors 
Container Type 
00 125 150 175 200 
162 1.142 1.113 1.078 1.010 





Appendix B. 


Minimum Required Rate of Discharge for Safety Relief Valves for Lique- 
fied Petroleum Gas Vaporizers (Steam Heated, Water Heated, and Direct 
Fired.) 

The minimum required rate of discharge for relief valves shall be deter- 
mined as follows: 

1. Obtain the total surface area by adding the surface area of vaporizer 
shell in square feet directly in contact with LPG and the heat exchange sur- 
face area in square feet directly in contact with LPG. 

2. Obtain the minimum required rate of discharze in cubic feet of air 
per minute, at 60 F and 14.7 psia from Appendix A for this total surface 
area. 


Appendix C. 


Method of Calculating Maximum Liquid Volume Which Can Be Placed 

in a Container at Any Liquid Temperature. 

The quantity of LPG which may be placed in a container is dependent 
upon the temperature of the liquid and the maximum permitted filling 
density in addition to the size of the container. 

The filling density depends on: The size of tank, whether it is installed 
aboveground or underground, and the specific gravity of the liquid LPG at 
60 F placed in the container. Filling density values are given in Paragraph 
290. The liquid temperature should be obtained by measuring the tempera- 
ture of the liquid LPG in the container with a thermometer placed in a 
thermometer well installed in the tank. 

Knowing the liquid temperature and the filling density, the maximum 
volume of liquid LPG which may be placed in a container can be determined 
as follows: 

a 
G x F 
Where 

V = maximum liquid volume (in percent of total container capacity) 

which shall be placed in a container when the liquid temperature 

iF. 

D filling density from Paragraph 290 in percent. 

G = specific gravity of LPG at 60 F placed in container. 

F = correction factor from following table for correcting liquid volume 
from 60 F to volume at temperature T. The correction factor is 
obtained by finding the specific gravity at 60 F (G) in the column 
at the top of the table and coming down this column till the actual 
liquid temperature T is found. The correction factor corresponding 
to this specific gravity and temperature is then read. Interpolation 
is permitted. (Table on following page.) 

T = temperature of liquid LPG in container in degrees Fahrenheit. 
After obtaining V from the above formula the actual maximum gallons of 
LPG which may be placed in a container is obtained by multiplying the 
water capacity of the container by V 


100 


1H 





Example: 
Assume an aboveground container with 10,000 gal water capacity 
Propane with a specific gravity of 0.508 at 60 F to be placed in container 
Filling density from Paragraph 290 for abovegroud container in which 
a product having a specific gravity at 60 F of 0.508 is to be placed 
is 45 percent 
To determine maximum quantity that may be placed in container when 
the liquid temperature is 60 F 
v— _45 X 10,000 
~ 0.508 & 100 
When liquid temperature is 82 F use correction factor in the table (Appen- 
dix D, NFPA Standard 59) for specific gravity at 60 F of 0.508 and a 
liquid temperature of 82 F (which is 0.963) 
45 X 10,000 
v= = 9200 gal 
0.508 x 0.963 X 100 = 


= 8850 gal 
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Interchangeability of gases is the use of a substitute gas 
for the gas usually distributed for domestic and industrial 
consumption without interfering with the operation of ap- 
pliances used by the consumer. 

[he subject is complicated by many factors such as heat- 
ing value, specific gravity, and composition of the various 
gases under consideration. 

The present supply of natural gas has resulted in the dis- 
tribution in many cities of gases of rather high heating 
values; in many cases, of straight natural gas having a heat- 
ing value in excess of 1000 Btu per cu ft. 

[he American Gas Association has found that none of 
the formulae developed earlier for the interchangeability of 
mixed gases of lower heating value were applicable to the 
interchangeability of the higher heating value gases, New 
equations, which would take into consideration all factors 
affecting interchangeability, have been developed. 


interchangeability Factors 

The interchangeability of higher heating-value gases is 
considered from three distinct viewpoints — the tendency 
of high heating value supplemental gases to — 

1. Lift 
2. Flashback 
3. Produce yellow tips 


The index of lifting interchangeability, I, is the result ob- 
tained from calculation of the lifting interchangeability 
equation: 

K, 


I — ee ees... | — 
uo” £, a, f/K,-log f, 
 & :. 
An empirical expression, I,, denotes the tendency of 


burners to flashback as a result of interchanging a supplemen- 
tal gas for natural gas. 








| h, 
K, f, ¥ 1000 
Ip = an 


a a 


Equation for Iy takes into consideration changes in pri- 
mary-air injection and yellow-tip limit resulting from sub- 
stitution of one gas for another. 

. &-— | 


lL- = pea 
. fy ag 


a 


Ys 





Values for Equation Characters 


In order to obtain values for the characters in these three 


equations, certain other equations must be employed, as 
follows: 


Air theoretically required for complete combustion, 


100 A, 
per 100 Btu a, = poor 
1000\/_ d, 
Primary air factor f, = — wv 
h, 
F, 


Lifting limit constant K, = —— 


100 T, 
A, + 7E, — 26.30,, 





Yellow-tip limit Y, = 


interchangeability of Various Gases 
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Nomenclature for the equations: 


A = air theoretically required for complete combustion, 
cubic feet per foot of gas 
a = air theoretically required for complete combustion, 
cubic feet per 100 Btu of gas 
d = specific gravity (air = 1.0) 
E = total inerts in gas mixture, decimal volume 
F = lifting constant 
= primary-air factor 
= gross heating value, Btu per cubic foot 
I, = index of flashback interchangeability 
I,, = index of lifting interchangeability 


Iy = index of yellow-tip interchangeability 


K = lifting-limit constant 

O, = oxygen in gas mixture, decimal volume 

T = yellow-tip constant, cubic feet of air required to 
eliminate yellow tips per cubic foot of gas 

Y = yellow-tip limit, percent primary air 


Subscript a = adjustment gas 
Subscript s = substitute (or supplemental) gas. 


Type of Natural Gas Distributed 

The American Gas Association assumes that one of the 
three types of natural gas presented below would be the gas 
normally distributed. 
High ee 


High High 








Btu methane inert 
natural gas natural gas natural gas 
Carbon dioxide CO. 0.5% 0.0% 0.5% 
Methane CH, 83.0 94.5 71.4 
Ethane CoH; 16.0 0.0 14.0 
Propane C3He 0.0 0.0 1.0 
Nitrogen. . No 0.5 5.5* 13.1 
Btu per cu ft 1115 959 1000 
Sp gr 0.64 0.56 0.69 
* Tnerts. 


For any proposed adjustment, or substitute gas, all three 
indices must fall within certain numerical limits, which are 
shown in an accompanying table. 

High-inert 


High-heating High-methane 


Inter- value nat. gas nat. gas nat. gas 
change- - - —— 
ability Prefer- Objec- Prefer- Objec- Prefer- Objec- 
index able tionable able tionable able tionable 
Ib Under Above Under Above Under Above 
1.0 1.12 1.0 1.06 1.0 1.03 
Ip Under Above Under Above Under Above 
1.18 1.2 1.18 1.2 1.18 1.2 
ly Above Under Above Under Above Under 
1.0 0.7 1.0 0.8 


1.0 0.9 
AGA ‘‘index C’’ Method 
The American Gas Association “Index C’ is a criteria de- 
veloped for the interchangeability of gases with heating values 
below 700 Btu per cu ft. If the supplemental gas has a “C” 
index in the range 0.85 to 1.15, it is considered that it 


could replace the base gas and maintain satisfactory appliance 
performance. 


The equation is — 


by Ay: d 
hh Aba 


a a 


C= + (ts 











where, 


C = index of interchangeability 
subscript denoting adjustment gas 
subscript denoting substitute gas 
gross heating value, Btu per cubic foot 
air theoretically required for complete combustion, 
cubic feet per cubic foot of gas 
- specific gravity of gas (air = 1.0) 
A ; 
5000 EF which 
= the heat capacity of the theoretical products of com- 
bustion (from one cubic foot of gas) per degree F 
between 60 F and 1600 F, in Btu E is equal to 0.029 
VCO, + 0.0023 VH,0 + 0.0189VN, where V is the 
volume in cubic feet of each product (as indicated by 
the subscripts) formed by the combustion of one cu- 
bic foot of gas with the air theoretically required for 
complete combustion. The values 0.029, 0.0023 and 
0.0189 are, respectively, the heat capacities per de- 
gree F of CO,, H,O, and N,, between 60 F and 1600 
F in Btu per cubic foot. 
Summation of the products of the mole fractions and 
some constant for each combustible constituent in 
the gas. 


Disadvantages of ‘‘index C’’ Equation 
Several disadvantages are cited against the use of “Index 
C” in some cases. 


1. It does not apply for mixtures in which the percentage 
of inerts exceeds the free-hydrogen content. 

2. It is not generally applicable for mixtures involving ad- 
justment and substitute gases of widely differing heating value 
or chemical composition unless the fraction of such radically 
differing gas in the substitute mixture does not exceed about 
12 percent. Thus the formula does not hold for such sub- 
stitute mixtures as propane or butane and air, of natural gas 
inert mixtures, etc. 


3. The formula does not usually apply in cases involving 
the use of large amounts of oil gases as substitutes for 
natural gas. 


4. It is not fully applicable for gases of heating values 
higher than 800 Btu per cu ft since the equation has no fac- 
tors which predict the occurrence of yellow tips or lifting. 

In 1946, the American Gas Association started a new series 
of tests on the interchangeability of gases of relatively low 
heating value. 


Knoy Formula 

Several simple formulas have been proposed for use in de- 
termining the interchangeability of gases. The most well 
known is the Knoy formula, which is as follows: 


H — 180 
VG 

C = a constant 

H = heating value of gas, Btu per cubic foot 

G = specific gravity of gas (air =1) 

180 = the heating value in Btu per cubic foot of the pri- 

mary air-gas mixture which is assumed to be the 
proper adjustment for domestic burners. 


The theory of this formula is that gases which have the 
same “C” factor are interchangeable. Actually the normal 
flexibility of most domestic-appliance burners allows some 
variation in the “C” factor. This deviation will not usually ex- 
ceed 10 percent up or down from the “C” factor of the ad- 
justment gas. “C” factor for substitute gases which are above 
that of the adjustment gas indicate softer types of flames, 
while harder flames are indicated if the “C” factor is found 
to be below that for the adjustment gas. 


It has been stated that the results obtained by the use of 
the Knoy formula may be misleading if the chemical com 
position of the substitute gas does not correspond to that o! 
the adjustment gas, and as a rule, limit mixtures defined by) 
means of AGA Index C are considered to be more reliab 
than those indicated by the Knoy formula. 


New Test Burners Devised 


Many test burners have been devised to assist in evaluat 
ing the interchangeability of gases by observation of flam: 
characteristics. At the present time there is no available in 
strument which can be applied in all cases to evaluate the gas 
quality. In approaching a problem involving interchange 
ability of gas, it is desirable to make calculations first, using 
the interchangeability equations and then burn the prepared 
mixtures in appliances having burners characteristic of those 
used in the community to be certain that the substitute gases 
will actually burn satisfactorily. 

It is desirable that gas companies keep a control burner at 
the inlet and outlet of their gas-storage holders in order that 
they may, at all times, have a knowledge of the burning 
characteristics of the gas being produced and sent out. 


Oil Gas Not Complete Replacement 


It can be stated that high Btu oil gas, as now known, cannot 
be used as complete replacement for natural gas. However, 
some 30 to 60 percent of these high Btu oil gases can be used 
in admixture with natural gas without excessive complaints 
from the consumers of the gas. 

It must be pointed out that in some cases substitute gases 
appear to be entirely satisfactory from the standpoint of vis- 
ual flame characteristics, but the products of combustion may 
contain dangerous quantities of carbon monoxide. 





Determination of Proper Btu Value of Propane-Air 
Gas to be Used as a Substitute Gas 
Procedure for calculating proper propane-air gas: 
1) Determine ‘‘C"’ factor original gas from the fol- 
lowing formula: 
Btu — 180 
C= 
V Sp. Gr. 
Read chart for proper propane-air gas for ‘'C’’ 
factor calculated 


















































Calorific value of propane-air mixture, Btu/cu ft 
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“C" Factor, Knoy's Formula, 180 Btu/ cu ft 
air-gas mixture in burner head. 











180 American Gas Journal, GAS HANDBOOK ISSUE, August 15, 1960 





GAS COMBUSTION CONSTANTS 
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In many of its phases, the selling of gas heat is very much 
like other specialty selling where the cost of the item or of 
the service to be furnished depends on the particular condi- 
tions surrounding the individual prospect. 

The estimate of annual operating cost for one prospect may 
figure only $50.00, whereas that for another would be 
$500.00. When the one in the $500.00 class first makes in- 
quiry about gas heat, his interest may be based on thinking 
in terms of $50.00. Likewise, the one who is in the $50.00 
class may not have exhibited any interest, because he was 
thinking in terms of $500.00. 

A method, therefore, whereby the salesman in the field 
can figure the estimate with reasonable accuracy and in just 
a few minutes time, is of great assistance in qualifying pros- 
pects. Such a method can be made sufficiently accurate to 
justify the salesman in attempting to close the order on the 
basis of the rapid survey method. If successful, then before 
the installation is made, his engineering department, if it so 
desires, can make a more elaborate survey and estimate. This 
can be done as if it is merely a part of the usual installation 
routine, so that the customer’s confidence in the salesman is 
not affected in any way. Should this detailed survey show any 
glaring discrepancies, the matter can be taken up with the 
customer in advance of installation, so that no one will be 
unfavorably affected. 

To show how such a rapid survey can be developed, the 
starting point is the formula used by heating engineers in fig- 
uring the seasonal operating cost to take care of any given 
area of wall, ceiling or floor. 


FORMULA 
(Heat loss in Btu per Hour) 
Area x Heat Transfer x Temp. x Hrs. x Degree x Gas Rate in Cts. 
Coefficient Rise Heated Days Per M Cu Ft 


Temperature x Btu Heat x Efficiency x 1000 x 100 
Rise Content 
= Season’s Operating Cost in Dollars for that Area 


r 


While there are many factors in the long tormula, exami- 
nation will show that for any certain type of construction 
practically all of them are constant for any given territory. 
The coefficient of any certain material is always the same 
the temperature rise is nearly always figured at 70 degrees — 
the temperature differential between basement and house in- 
terior at 20 degrees — and between interior and attic at 35 
degrees — the number of hours per day is always 24 — the 
number of degree days for any given territory is regarded as 
a constant — the gas rate and the Btu content are constant 
for a territory. While the efficiency factor may vary slightly 
with different types of equipment, an average efficiency of 75 
per cent can be used for reasonably accurate results. This 
means that all of the factors in that long formula can be 
condensed for any territory into one single factor for each 
type of construction. Then it is simply a case of multiplying 
the given area by one factor instead of working out the entire 
formula shown above. 

Another point of simplification is to measure the house as 
a whole rather than to measure the individual rooms. It is 
simple for the salesman to compute the volume by measur- 
ing the width, height, and depth of the house. Naturally, if 
the prospect states that certain rooms have not been heating 
satisfactorily with the old furnace equipment, then individual 
rooms should be measured and duct work or radiation 
checked. Just as in the case of figuring the heat loss through 





With permission, from Surface Combustion Corp 





RAPID SURVEY METHOD OF GAS REQUIREMENTS AND COSTS 


the walls, ceiling, or floor, the volume can be multiplied by 
single constant to determine the seasonal operating cost fo 
offsetting loss by infiltration. 

With the above thought in mind, a single factor, which f¢ 
purposes of clarity in explaining is called factor “F”, has 
been worked out for the most commonly encountered typx 
of construction. To convert this factor “F” into the corre: 
constant for any territory, it is only necessary to multiply 
by a certain multiplier, designated as “M,” with “M” being 
determined as follows: 


M = Local Degree Days x Average Local Heating Rate in 
Cents per M/Cu Ft 
Btu Content of Local Gas 





or 


M = Local Degree Days <x Rate per Therm in Cents 
100,000 





The following table gives the factor “F” for the most un- 
usual types of building constructions. Figure local multiplier, 
‘“M,” as outlined above, multiply M by F and then it is pos- 
sible to fill in this table with the local constant which will be 
used in figuring the seasonal operating cost to offset the heat 
loss through any given area of wall, ceiling, or floor. 











Factor Multiplier Final 
Type of Material gi! hie ai constant 

PRLS EIMRB Gl c1cces esi oss ss O0G8G62 .....5..s. 
TS RB oe Sic ae id a O-0001438. ...... 
Walls: 

8” Brick, sheathing, stud, L&P. 0.000085  ...... 

Stucco, wood, and plaster... .. 0.000099 _—......... 

Stone, tile, furred, L&P....... 0.000077 ~—=«....... ae 

Clapboards, studding, L&P.... 0.000080 ...... 
Floors: 

Wood floor. No. ceiling below.. 0.000042 ....... Bet tha) 

Double floor. L&P below...... OMe ikea. Weide 
Ceilings: 

Plaster board and plaster...... 0.000098 ...... 

Rigid insulation and plaster.... 0.000056 ...... 
Roofs: 

Tile or slate on wood..... soy OGTOTTS =. owes 


Shingles, sheathing, stud, L&P. 0.000102 


Volume: 
To offset air infiltration: 


One air change per hour... ... 0.0000058 
One and one-half air changes. . 0.0000087 
Two air changes per hour... . 0.0000116 


Note: For any wall construction not listed above which may be found to be 
common in the locality, the factor ‘‘F’’ may be obtained by: 
Coefficient of Transmission < 0.00032 = F 


After the above final constants for the territory have been 
worked out, it is recommended that they be printed on a 
survey card arranged along the lines of the one reproduced 
here. The reverse side of the card can carry the usual g«n- 
eral information as to the prospect’s name and address, <i ‘te 
of survey, and the like. 
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SUGGESTED FORM FOR RAPID SURVEY 





Operating 
\rea Local cost per 
\. ft. Material factor season 
Glass: Single. . $ 


Glass: Double 

Walls (net): 8” brick 

Stucco, tile and plaster 

Stone, tile, furred, L&P...... 
Clapboards, studding, L&P 


Floors: Wood floor, no ceil. below. 
Double floor: L&P below joists 


Roofs: Tile or slate on wood. 
Shingles, sheathing, studding, L&P 


Cu. ft. Volume 
Infiltration: | air change per hr... 
11% air changes per hr 

2 air changes per hr 


Total operating cost per season > 
If Btu heat loss per hour is desired, 
use formula = 218,750 « Season’s Cost 


M 





HEAT DELIVERY OF SPACE HEATING 
EQUIPMENT 


STEAM: | sq ft cast iron radiation = 240 Btu/hr (2 Lb 
steam 70 F room temp) 


Hot Water: | sq ft cast iron radiation = 150 Btu/hr 70 F 


room temp 


ForceED Hot Water: | sq ft cast iron radiation = 200 
Btu/hr (70 F room temp) 


GRAVITY WARM AIR: | sq in. of basement duct (175 F 
register temp) 


110 Btu/hr on first floor 
166 Btu/hr on second floor 
200 Btu/hr on third floor 


FORCED WaRM Arr: The following formula gives the heat 
delivered at the register of a forced warm air heating 


system. 

H=Ax V «OX WS (-—&) 
Symbols: 

H = Heat delivered in Btu per hour. 


= Net area of discharge register in sq ft. 
\ Velocity of air leaving register in ft per minute. 
W = Weight of air at temperature t, in pounds per cubic 
foot. 
Specific heat of air in Btu per pound per degree F at 
temperature t,. 


{ Temperature in degrees F of air leaving register. 
t. = Temperature in degrees F of space being heated. 


Wi | permission, ‘'Surface Combustion Industrial Heating Handbook."’ 


EXAMPLE 
CONDITIONS 


Assume the following conditions for the computation of the 
seasonal operating cost in a home: 


Two and one-half story residence 

Walls: 8” brick, lath and plaster inside over sheathing 
Ceilings second floor: Plaster board and plaster 

No flooring in attic 

Floors: Frame construction, single thickness 

Single glass windows 

Air changes per hour: 1 


Gross wall area: 
First floor, 1300 sq ft 
Second floor, 1150 sq ft 


Glass area: 
Windows and doors 
First floor, 190 sq ft 
Second floor, 130 sq ft 


Area second floor ceiling: 1010 sq ft 
Area first floor: 1010 sq ft 


Cubical contents: 
First floor, 9100 cu ft 
Second floor, 8700 cu ft 
Degree days 6000 
Gas rate 40c/M cu ft 
Btu content 530 


PRELIMINARY 
M = 6000 x 40 = 453 
- 530 
Final constant for glass area = .000352 x 453 = .159 
Final constant for wall area = .000085 x 453 = .0385 
Final constant for floor area .000042 x 453 = .019 


Final constant for ceiling area .000098 x 453 = .044 





Final constant for infiltration 0000058 « 453 = .0026 
SOLUTION 
320 square feet glass area x .159 = $ 50.88 
2,130 square feet wall area 0385 = 82.00 
1,010 square feet floor area O19 = 19.19 
1,010 square feet ceilingarea x 044 = 44.44 
17,800 cubic feet infiltration 0026 46.28 
$242.79 
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Selection of heater and storage tank for hot water depends on 
maximum daily demand and maximum hourly demand. Gen- 
erally, two-thirds of the total daily water consumption is hot 
water: A design value of 20 to 30 gal per person can be assumed 
for private homes; hot water usage, though, also depends on the 
number of rooms and number of bathrooms in the home. 

To estimate the required size for a hot water storage tank, 
and heating (or recovery) capacity required, it is necessary to 
know the total quantity of water to be heated and maximum 
amount to be used in any one hour period, as well as duration 
of the peak load. 

Reasonably uniform storage capacity requirements usually 
exist for residences, apartment buildings, hotels, motels, and 
similar buildings and are smaller than those needed for factories, 
office buildings, and schools, where the entire day’s usage of hot 
water occurs in a relatively short period. 

Where usage is reasonably uniform, heating capacity must 
be proportionately greater than with intermittent usage where 
peak demands are so spaced to allow water in the storage tank 
to be brought up to the desired temperature. As a rule, large 
storage capacity is preferred to keep the size of heater or boiler 
as small as possible. 

In estimating storage tank capacity, it should be noted that 
only about 75 percent of the volume is available because, by the 
time this amount is drawn off, incoming cold water has cooled 
the remainder to where it is no longer hot water. 

Two methods are commonly used to estimate hot water re- 
quirements of a building: (1) by number of people, and (2) by 
number of plumbing fixtures installed. Table 1 provides data for 
estimates where the number of people using hot water can be 
reasonably estimated. Data on self-service laundries and res- 
taurants is also included. Table 2 provides data for sizing water 
heating equipment from the number of fixtures. Minimum hot 
water requirements for modern homes are given in Table 3. 
Table 4 provides data on recovery capacity of water heaters. 

The following examples illustrate use of the tables to estimate 
hot water requirements: 


Example 1: Determine size of heater and storage tan 
capacity for residence of six people. 


Solution: From Table 1, daily requirements = 
6 x 40 = 240 gal. 

Maximum hourly demand = 
240 x 0.148 =34.3 gal. 


Heater should have storage capacity of 
240 x 0.200 = 48 gal. 


Heater should have heating capacity of 
240 x 0.148 = 34.3 gal/hr. 


Storage and heating capacity can be varied by increasing 
and decreasing one over the other. Such a condition can be 
seen in the next example. 


Example 2: Determine (a) heater capacity for apartment 
building of 100 people that has storage tank 
with capacity of 500 gal, and (b) what heater 
capacity would be needed if storage tank was 
changed to 1000 gal capacity ? 


Solution: From Table 1, daily requirements = 


100 « 40 = 4000 gal. 
Maximum hourly demand = 
4000 x 0.143 = 570 gal. 
Duration of peak load = 4 hours. 
Peak load requirements = 4 570 = 2280 gal. 
If a 500-gal storage tank is used, hot water 
from tank = 0.75 x 500 = 375 gal. 
Water to be heated = 2280 — 375 = 1905 gal. 
Heating capacity per hour = 
1905 — 4 = 476 gal. 
If a 1000-gal storage tank is used, required 
heating capacity would be 
2280 — ae x 0.75) — 383 gal. 





TABLE 1. Estimated Hot Water Demand Characteristics For Various Types of Buildings and Businesses. 







































































Type of Hot Water Max. Hourly Duration Storage Heating, 
Building Required Demand in of Peak Capacity in Capacity in 
(at 140 F) Relation to Load Relation to Relation to 
Day’s Use Hours Day’s Use Jay's Use 
Residences, motels, 40 gal per 0.143 4 0.200 0.143 
apartments, hotels, etc. person per day 
Office buildings 2 gal per 0.200 2 0.200 0.167 
person per day 
Factory buildings 5 gal per 0.333 1 0.409 0.125 
person per day 
Self-Service Laundries—Hot water requirements per machine installed— {15 gal storage heating capacity __ 
25 gal heating capacity (at 100 F rise) 
Type of Type of Storage Ileating 
Dishwashing Meals Capacity, gal Capacity, gal 
RESTAURANTS* Served per Meal per Meal 
Restaurants— Hot water requirements Hand {low price 0.100 0.050 
(24-hour) per meal served { med.-price 0.150 0.075 
({high-price 0.200 0.100 
Machine {low-price 0.150 0.075 
{ med.-price 0.250 0.125 } 
(high-price 0.450 0.225 
Restaurants— Hot water requirements Hand {low-price 0.200 0.050 | 
(two-meals) per meal served } { med.-price 0.300 0.075 | 
| high-price 0.400 0.100 
{low-price 0.300 0.075 | 
Machine / med.-price 0.500 0.125 | 
| high-price 0.900 0.225 | 
Restaurants— Hot water requirements (low-price 0.450 0.059 
(one-meal) per meal served Hand ‘ med.-price 0.670 0.075 | 
high-price 0.900 0.100 | 
(low-price 0.670 0.075 
Machine med.-price 1.125 0.125 
high-price 2.025 0). 225 





*Figures cited are for total requirements. Water temperature is to be 
maintained at 140 F in storage tank. Separate means required for ob- 
taining 180 F sterilizing water. For hand-washing, quantity of 180 F 


184 


water determined from capacity of sink used. For machine-washin 
180 F water requirements determined from rating of dish machine. S: 
text for additional information on dishwashing machines. 
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f fixtures, the following steps are observed: 


In using Table 2 to determine size of equipment from number 














180 F Hot Water. [n private homes, water temperature of 140 
F is reasonable for dishwashing; in public places, however, sani- 


1. Multiply total number of each fixture by demand per fix- tation regulations call for 180 F water. Most dishwashing 
ture for type of building. Addition of these quantities gives pe PH Sia pagrts het pe is Retin 
possible maximum demand. yt A rh ™ y 8 88 

2. Probable maximum demand is found by multiplying the 7 ; 
total quantity for all fixtures by the demand factor in line l. mesa v4 = of perso sine rte oe 
11 of Table 2. ultiply total meals times number of dishes uSed per 

’ : : meal (6 dishes for low price restaurants, 8 for medium- 

3. Heater or coil capacity should be equal to this probable > hee 


maximum demand. 


4. Storage tank capacity should be equal to probable maxi- 
mum demand multiplied by the storage capacity factor in 


line 12. 


Example 3: Determine heater and storage tank size for 
apartment building from number of plumbing 


fixtures installed (from Table 2): 


Solution: 40 lavatories. . ‘i 
20 bathtubs 
20 showers 
40 kitchen sinks 
10 laundry tubs 


% 2 


% 20 = 


x 75 
x 10 


x 30 


Possible maximum demand = 
Probable max. demand = 2680 «0.30 


Heater or coil capacity 
Storage tank capacity = 804 x 1.25 7 ! . 
= 1005 gal per hr restaurants. To this must be added the 180 F water requirements. 


TABLE 2. Hot Water Demand per Fixture for Various Types of Buildings. 


. Basins, private lavatory 
. Basins, public lavatory 

. Bathtubs... . 

. Dishwashers 

. Foot basins. . . 

. Kitchen sink. . . 

7. Laundry, stationary tub 
. Pantry sink 

. Showers 

10. Slop sink. ; 
ll. DEMAND FACTOR 
12. STORAGE CAPACITY FACTOR* 


Imo Bwn— 


S ox 


*Ratio of storage tank capacity to probable maximum demand per hour. 


Activity 

Personal Use 
Shower bath. . . . 
Tub bath ° 
a i a 
Hand and face washing daily . 
Shampooing. . . . 

Shaving 


‘ 


Laundering 
Automatic clothes washer, per 
load per cycle . . . « «.: 
Non-automatic washer, per washer 

lling, plus two rinses . . 

Hand washing, lingerie . 

Dishwashing 
Au‘omatie dishwasher, per load . 
Ha d dishwashing, per meal . 
Rinsing, per meal . 

Clean ng 
or mopping, per room 

Fic. v washing, per room 

Wi) dow washing, avg. room . 

Wo. dwork washing, per room 


: \ing refrigerator or range 
We hing automobile . 
: Sh: npooing rug, avg. size . 


Ve: -tian blind washing, avg. home 


price, and 10 for high-price). 
total no. of dishes 





2. Find number of racks per day = = - 
avg dishes per rack 
3. Multiply number racks per day by gallons of 180 F water 
required (use 1.5-gal for single tank machine, 0.75-gal for 
two tank machines). 
This gives total gal of 180 F water needed per day for rinse 
sprays. 
, oe 4. Multiply number of meal periods per day (1, 2, or 3) by 
80 gal per hi ; ‘ hag Pgh = chagh the 
400 gal per hr dishwashing machine tank capacity in gallons; this gives 
aa ley gallons of 180 F water per day necessary to fill tanks. 
1500 gal per hr ‘ 


400 gal per hr 
300 gal per hr 


Add values in (3) and (4) to obtain total gallons of 180 F 
water required per day. 


a For purposes other than dishwashing, a considerable amount 


2680 gal per hr of 140 F water is also used. Table 1 gives total hot water storage 
and heating capacities required per meal for three types of res- 

804 gal per hr taurants in the three meal price ranges. Average hot water 
804 gal per hr (140 F) utilization per meal is 0.9-gal for low-price restaurants, 


1.2-gal for medium-price restaurants, and 1.5-gal for high-price 


(Gal per hr per fixture at 140 F final temperature) 


House 


Apartment 


Club 

2 
6 
20 

50-150 
3 
20 
30 
10 
150 
20 

0.30 

0.90 


TABLE 3: Hot water requirements of Modern Homes 


Hot Water 
Require- 
ments, gal. 


10-15 
10-15 
3- 5 
1-2 
5- 8 
1- 2 
18-35 

20-35 
2-8 
3-10 
3- 6 
2- 3 
2-3 
3- 5 
2- 5 
ae 
10-20 
2- 5 
10-20 
3-5 
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Industrial Office Private 


YMCA- 
Gymnasium Hospital Hotel Plant Bldg Residence School YWCA 
2 2 2 2 2 2 2 2 
& 6 8 12 6 = 15 5 
30 20 20 30 ~ 20 — 30 
50-150 50-200 50-150 — 15 50-150 50-150 
12 3 3 12 — 3 3 12 
20 20 20 — 10 10 20 
30 30 30 _ 30 - 30 
10 10 7 - 5 10 10 
225 75 75 225 75 225 225 
— 20 30 20 15 15 20 20 
0.40 0.25 0.25 0.40 0.30 0.30 0.40 0.40 


1.00 0.60 0.80 1.00 2.00 0.70 1.00 1.00 


TABLE 4. Recovery Rates of Rated Water Heaters at Temperature 
Rises Other Than 60 F, in Gal Per Hour Recovered to 140 F. 


Gal per hr Corresponding gal per hr rating at 140 F delivery with rise of 
Rating (A.G.A.) - 2 enna nee eee aein is Ge eee eee an 

at 60 F rise 70 I 80 F 90 F 100 F 110 F 120 F 
20 17.1 15 13.4 12 10.5 10 
30 25.7 22.5 20 18 16.4 15 
40 34.3 30 26.7 24 21.8 20 
50 42.8 37.5 33.4 30 27.3 25 
60 51.5 45 40 36 32.7 30 
70 60 52.5 46.7 42 38.2 35 
80 68.5 60 53.3 48 43.6 40 
90 77.1 67.5 60 54 49.1 45 
100 85.7 75 66.8 60 54.5 50 





When recovery capacities different from those listed above are needed, use the follow- 
ing formula: 

c- 60 R 
(Ti — Te) 
Where } = Corresponding recovery rate in gal per hr. 
R=AGA rating in gal per hour with 60 F rise. 
Ti = Outlet temperature desired. 
Tz =Inlet temperature of water to be heated. 


Example: Find recovery rate of water heater with 50-gal A.G.A recovery rating if 
inlet temperature is 45 F and outlet temperature desired is 140 F. 


Solution: 
60 X 50 96 





=Tie— Oi ee ae 
























































Venting of Gas Appliances 





EDITOR’S NOTE: This section is extracted from 
ASA Z21.30-1959, American Standard for the Installation 
of Gas Appliances and Gas Piping, sponsored by the 
American Gas Association, and approved by the Ameri- 
can Standards Association, July 21, 1959. It is reproduced 
here by permission of the copyright owner, American 
Gas Association. This extract is comprised of Section 5 
of that standard. Additional venting information is given 
in this GAs HANDBOOK in the sections on Installation of. 
Gas Piping and Equipment on Industrial and Commercial 
Premises, 











5.1. Requirements for Venting 


5.1.1. Appliances Required to Be Vented: Appliances of the 
following types shall be vent connected or provided with other 
means for removing the flue gases to the outside atmosphere. 

a. Central heating appliances, including steam and hot water 
boilers, warm air furnaces, floor furnaces and vented 
recessed heaters. 

. Unit heaters and duct furnaces. 

. Incinerators. 

. Water heaters with inputs over 5000 Btu per hour, except 
automatically controlled instantaneous water heaters which 
supply water to a single faucet which is attached to and 
made a part of the appliance (see 4.5.1). 

Built-in domestic cooking units listed and marked only 
as vented units. 

Room heaters listed only for vented use. Room heaters 
listed as “vented and unvented” units may be installed 
either vented or unvented (see 4.6.1 and 4.6.2). 
Appliances equipped with gas conversion burners. 

. Other listed appliances which have draft hoods supplied 
by the appliance manufacturer. 

i. Unlisted appliances, except as provided under 5.1.2-). 


5.1.2. Appliances Not Required to Be Vented: 

a. Listed ranges. 

b. Built-in domestic cooking units listed and marked as un- 

vented units. 

c. Listed hot plates and listed laundry stoves. 

d. Listed domestic clothes dryers. 

*e, Listed water heaters with inputs not over 5000 Btu per hr. 

*f. Listed refrigerators. 

*g. Counter appliances. 

*h. Room heaters listed for unvented use (see 4.6.1 and 4.6.2). 

* ji, Other appliances listed for unvented use and not provided 
with flue collars. 

* j. Specialized equipment of limited input such as laboratory 
burners or gas lights. 

When any or all of the appliances starred above (*) are in- 
stalled so that the aggregate input rating exceeds 30 Btu per hour 
per cu ft of room or space in which they are installed, one or 
more of them shall be vent connected or provided with an ap- 
proved means for removing the vent gases to the outside atmos- 
phere so that the aggregate input rating of the remaining un- 
vented appliances does not exceed the 30 Btu per cu ft figure. 
When the room or space in which they are installed is directly 
connected to another room or space by a doorway, archway, or 
other opening of comparable size, which cannot be closed, the 
volume of such adjacent room or space may be included in the 
calculations. 


5.2. Methods of Venting 


5.2.1. Gas vent or chimney systems shall be engineered and 
constructed so as to develop a positive flow adequate to remove 
all flue gases to the outside atmosphere. 

5.2.2. All gas appliances required to be vented shall be con- 
nected to a gas vent or chimney except as provided in 5.6. 

5.2.3. Chimneys shall be used for venting the following 
types of appliances: 

a. Incinerators, except as provided in 5.2.7. 

b. Appliances which may be converted readily to the use of 

solid or liquid fuels. 


c. Combination gas-oil burning appliances. 

d. Appliances listed for use with chimneys only. 

5.2.4. Type B gas vents may be used to vent listed gas appli- 
ances except as provided in 5.2.3, 5.2.5, and 5.6.1. 

5.2.5. Type B-W gas vents shall be used with listed vented 
recessed heaters when installed within combustible 2x 4 wall 
construction. (see 4.8.1.) 

5.2.6. Type C gas vents may be used to vent gas burning 
appliances, except as provided in 5.2.3 and 5.2.5. 

5.2.7. Metal pipe not less than No. 20 U. S. Standard gage 
galvanized iron or other equivalent noncombustible, corrosion 
resistant material may be used for venting incinerators installed 
in locations such as open sheds, breezeways, or carports, pro- 
vided the metal pipe is exposed and readily examinable for its 
full length and suitable clearances are maintained (see Table 11). 


5.3. Installation Requirements for Gas Vents 
and Chimneys 


5.3.1. General: Sections 5.3 through 5.5 apply only to natural 
draft venting. 
5.3.2. Gas Vents: 

a. Listed Type B and listed Type B-W gas vents shall be 
installed in accordance with their listings and the manufac- 
turer’s instructions. 

b. Type C gas vents shall be used only for runs directly 
from the space in which the appliance is located through the 
roof or exterior wall to the outer air. Such gas vents shall not 
originate in any unoccupied attic or concealed space, and 
shall not pass through any attic, inside wall, concealed space, 
nor through any floor. 

When a Type C gas vent passes through an exterior wall 
constructed of combustible material it shall be guarded at 
the point of passage by a method described in 5.5.14. 

When a Type C gas vent passes through a roof constructed 
of combustible material it shall be guarded at the point of 
passage by a method described in 5.5.14 or by a noncombus- 
tible nonventilating thimble not less than 4-in. larger in diam- 
eter than the vent pipe and extending not less than 18-in. above 
and 6-in. below the roof with the annular space open at the 
bottom and closed only at the top. 

c. In those sections of the country where solid and liquid 
fuels are used extensively, gas vent systems shall be plainly 
and permanently identified by a label reading: 

“This gas vent is for appliances which burn gas only. 
Do not connect to incinerators or solid.or liquid fuel 
burning appliances.” 

This label shall be attached to the wall or ceiling at a point 
near where the gas vent system enters the wall, ceiling or 
chimney. 

The authority having jurisdiction shall determine whether 
the locality constitutes such an area. 

5.3.3. Chimneys: 

a. Listed factory-built chimneys shall be installed in ac- 
cordance with their listings and the manufacturer’s instruc- 
tions. : 

b. Masonry or metal chimneys shall be built and installed 
in accordance with nationally recognized building codes.* 

c. Before connecting a vent connector to a chimney, the 
chimney passageway shall be examined to ascertain that it is 
properly constructed, clear and free of obstruction or debris. 

d. An automatically controlled gas appliance connected to 
a chimney which also serves equipment for the combustion 
of solid or liquid fuel shall be equipped with an automatic 
pilot. A gas appliance vent connector and a flue connector 
from an appliance burning another fuel may be connected 
into the same chimney through separate openings, or may be 
connected through a single opening if joined by a suitable 
fitting located as close as practical to the chimney. If two or 
more openings are provided into one chimney they should be 
at different levels. 

e. Cleanouts shall be of such construction that they will 
remain tightly closed when not in use. Tee fittings used as 
cleanouts or condensate drains shall have tight fitting caps 
to prevent entrance of air into the chimney at that point. 
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HEIGHT IN 


ALLOWABLE INPUT IN THOUSANDS OF BTU PER HOUR 


10 
3 4 5 6 H 4 S20 te 


INSIDE DIAMETER of VENT in INCHES 
Fig. 13. Sizing Chart gives capacity in Btu per hour for gas vents or 
chimneys serving more than one appliance. 


f. When an existing masonry chimney is unlined and where 
local experience indicates that vent gas condensate will be a 
problem, an approved liner or another vent shall be installed. 
When inspection reveals that an existing chimney is not safe 
for the intended application, it shall be rebuilt to conform to 
nationally recognized standards or relined with a suitable 
liner, or replaced with a gas vent or chimney suitable for the 
appliances to be attached. 

5.3.4. Size of Gas Vent or Chimney: The gas vent or chim- 
ney when connected to a single appliance shall be not less than 
the size of the draft hood outlet, or as provided in 5.7. 

When more than one appliance is connected to a gas vent 
or chimney, the area of the passageway shall be not less than the 
area of the largest vent connector plus 50 percent of the areas 
of additional vent connectors, or as provided in Fig. 13, or as 
provided in 5.7. 

Any shaped gas vent may be used provided its venting capac- 
ity is equal to the capacity of round pipe for which it is substi- 
tuted and the minimum internal dimension of the gas vent is 
not less than 2-in. 

5.3.5. Gas Vent or Chimney Termination: 

a. The gas vent or chimney should extend high enough 
above the building or other neighboring obstruction so that 
wind from any direction will not create a positive pressure 
in the vicinity of the gas vent or chimney termination. 

b. Gas vents shall extend at least 2 ft above the highest 
point where they pass through a roof of a building and at 
least 2 ft higher than any portion of a building within 10 ft 
except that gas vents need not comply with this provision 
when equipped with an approved device and proper and ef- 
fective venting is accomplished. Chimneys shall extend at 
least 3 ft above the highest point where they pass through the 
roof of a building and at least 2 ft higher than any portion 
of the building within 10 ft. 

c. Gas vents or chimneys shall not terminate less than 4 ft 
in vertical height above the highest connected appliance draft 
hood outlet or flue collar except as provided in 5.6.1. 

d. Type B-W gas vents serving a vented recessed heater 
shall not terminate less than 12 ft in vertical height above the 
bottom of the heater. : 

e. Gas vents and factory-built chimneys shall extend above 
the roof surface and through the flashing and shall terminate 
in a top or listed roof assembly with a venting capacity not 
less than that of the gas vent or chimney. The top shall be of 
a design to prevent rain and debris from entering the gas vent 
or chimney. 


Correct Chimney Designs Shown by Dotted Lines 
Carry Chimney Weil Above Roof of High Building 
Fig. 14. Typical chimney conditions apt to result in back drafts. 


5.3.6. Support of Gas Vents and Chimneys: All portions of 
gas vents and chimneys shall be adequately supported for the 
weight and design of the materials employed. Listed gas vents 
and factory-built chimneys shall be supported and spaced in 
accordance with their listings and the manufacturer’s instruc- 
tions. 

5.3.7. Gas Vent or Chimney Serving Two or More Gas 
Appliances Having Draft Hoods: When two or more vent con- 
nectors enter a common vertical gas vent or chimney, the smaller 
connector should enter at the highest level consistent with 
available headroom or clearance to combustible material. 

Two or more gas appliances may be vented through a common 
vent connector or manifold located at the highest level consistent 
with available (normal) headroom or clearance to combustible 
material (see 5.5.12). 

The manifold, all junction fittings, and the common vent con- 
nector shall be of a size adequate for the combined volume of 
the vent gases (see 5.5.12). 


5.4. Outside Gas Vents and Chimneys 

5.4.1. Materials: Outside gas vents and chimneys are not 
recommended for use in cold climates. When they must be used 
in these climates, the material shall possess high insulation 
qualities or be adequately insulated. 

5.4.2. Condensate Drain: When local experience with a gas 
vent material indicates that condensate may be a problem, a 
capped tee and drain pipe shall be installed at the base of the 
riser to drain off condensate when such material is used. 

5.4.3. Prohibited Termination: Natural draft vents extending 
through outside walls and terminating adjacent to outside walls 
or below eaves or parapets are prohibited. 


5.5. Vent Connectors 

5.5.1. Materials: 

a. Vent connectors used for conversion burners without 
draft hoods, incinerators and unlisted appliances without draft 
hoods shall be constructed of materials having resistance to 
corrosion and heat not less than that of No. 24 U. S. gage 
galvanized steel. 

b. Vent connectors used for gas appliances having draft 
hoods and for listed conversion burners having draft hoods 
shall be constructed of materials having resistance to corro- 
sion and heat not less than that of No. 28 U. S. gage galvanized 
steel, except that Type B vent material may be used as_ the 
connector between the draft hood and the chimney. 

5.5.2. Size: Vent connectors shall not be smaller than the 
size of the flue collar or the draft hood outlet, or as provided in 
5.7. When the appliance has more than one draft hood outlet, 
and in the absence of the appliance manufacturer’s specific in- 
structions, the vent connector shall equal the combined area of 
the draft hood outlets for which it acts as a common connector 
to the gas vent or chimney. 

5.5.3. Clearance: Minimum clearances of vent connectors 
to combustible material shall be in accordance with Table 11. 

The clearances from vent connectors to combustible materials 
may be reduced when the combustible material is protected as 
specified in Table 10. 

When vent connectors must pass through walls or partitions 
of combustible material, a thimble shall be used, which shall 
be installed in accordance with one of the methods outlined in 
5.5.14. 

5.5.4. Avoid Unnecessary Bends: The vent connector shall 
be installed so as to avoid excessive turns or other construction 
features which create unnecessary resistance to flow of vent gases. 

5.5.5. Joints: Vent connectors shall be firmly attached to 
draft hood. outlets by sheet metal screws or other approved 
means. 
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TABLE 11 


Vent Connector Clearances for Gas Appliances. 





| ‘Minimum Distance from Combustible Material 

















Listed Type B Vent Connectors of Other 
Appliance Gas Vent Material than Type B Material 

Listed Boiler As Listed 6 inches 
Listed Warm Air Furnace As Listed 6 inches 
Listed Water Heater As Listed 6 inches 
Listed Room Heater As Listed 6 inches 
Listed Floor Furnace As Listed 6 inches 
Listed Incinerator Not Permitted 18 inches 
Listed Conversion Burner 

(with draft hood) 6 inches 9 inches 
Unlisted Appliances ; 

having draft hoods 6 inches 9 inches 
Unlisted Appliances 

without draft hoods Not Permitted 18 inches 

TABLE 12 


Allowable Input to Vent Connectors Before Interconnection 





Connector Sizes in Inches Maximum Appliance Input—in Btu per Hour 


3 30,000 





245,000 
and above 5,000 Btu per sq in. of 
cross-sectional area 


4 
5 
6 125,000 
é 
8 
9 











Vent connectors using listed Type B gas vent material shall 
be securely assembled using the method shown in the listing 
and the manufacturer’s instructions. 

Joints of other than listed Type B gas vent material shall be 
securely fastened by sheet metal screws or other approved 
methods. 

5.5.6. Pitch: Vent connectors attached directly to side outlet 
draft hoods, such as on floor furnaces, shall be pitched upward 
from the appliance at least 14-in. per ft. 

Vent connectors attached to top outlet draft hoods by means 
of a 90-deg elbow may be horizontal or pitched upward from 
the appliance. 

No portion of any vent connector shall be run downward 
from the appliance nor shall there be any dips or sags. 

5.5.7. Length: The horizontal run of the vent connector 
shall be as short as possible and the appliance shall be located 
as near the gas vent or chimney as practicable. The maximum 
length of an uninsulated horizontal run of vent connector shall 
not exceed 75 percent of the height of the gas vent or chimney. 

5.5.8. Support: Vent connectors shall be securely supported 
for the weight and design of the materials employed to maintain 
proper clearances, to prevent physical damage, and to prevent 
separation of the joints. 

5.5.9. Location: When the vent connector used for an 
appliance having a draft hood must be located in or pass 
through a crawl space or other area difficult of access which 
may be cold, that portion of the vent connector shall be of 
listed Type B gas vent material or material having equivalent 
insulation qualities. Type C gas vent material used as a vent 
connector shall not pass through any floor or ceiling. 

5.5.10. Chimney Connection: In entering a passageway in a 
masonry or metal chimney the vent connector shall be installed 
above the extreme bottom to avoid stoppage. Means shall be 
employed which will prevent the vent connector from entering 
so far as to restrict the space between its end and the opposite 
wall of the chimney. A thimble or slip joint may be used to 
facilitate removal of the vent connector. The vent connector 
shall be firmly attached or inserted into the thimble or slip 
joint to prevent it from falling out. 

5.5.11. Fireplace: A vent connector shall not be connected 
to a chimney serving a fireplace unless the fireplace opening is 
permanently sealed. 

5.5.12. Size, Height and Length of Interconnected Vent Con- 
nectors: Two or more vent connectors may be joined through 
a gas vent manifold, or directly to a chimney or to a gas vent 
provided that: 

a. Vent connectors carrying the gases of a single appliance 
shall have the greatest possible rise consistent with the head- 





room available between the draft hood outlet and the points 

of its interconnection to manifold or to common vent. 

b. Size of vent connector shall be equal to or greater than 
the size shown in Table 12 for the allowable heat input. 

c. When Table 12 indicates that a vent connector must 
have a larger size than the draft hood outlet, the size increase 
shall be made at the draft hood outlet. 

5.5.13. Dampers: Manually operated dampers shall not be 
placed in the vent connector from a gas appliance except as 
noted below. Fixed baffles ahead of draft hoods are not classi- 
fied as dampers. 

A manually operated damper or automatic draft regulator 
may be installed in the vent connector of a listed gas incinerator 
only when recommended by the manufacturer. Such a damper 
or draft regulator shall be installed in accordance with the in- 
stallation instructions accompanying the incinerator. 

5.5.14. Use of Thimbles: 

a. When passing through combustible walls or partitions, 
vent connectors built of listed Type B gas vent material shal! 
be installed so that the clearances required by the listing are 
maintained 

b. Vent connectors made of other than Type B gas vent 
material shall not pass through any combustible walls unless 
they are guarded at the point of passage by ventilated metal 
thimbles not smaller than the following: 

For listed appliances, except incinerators — 4-in. larger in 
diameter than the vent connector, unless there is a run of not 
less than 6 ft of vent connector in the open, between the draft 
hood outlet and the thimble, in which case the thimble may 
be 2-in. larger in diameter than the vent connector. 

For unlisted appliances having draft hoods — 6-in. larger 
in diameter than the vent connector. 

For incinerators and unlisted appliances without draft hoods 
— 12-in. larger in diameter than the vent connector. 

c. In lieu of thimble protection, all combustible material 
in the wall shall be cut away from the vent connector a suffi- 
cient distance to provide the clearance required from such 
vent connector to combustible material. Any material used 
to close up such opening shall be noncombustible. 


5.6. Special Venting Arrangements 

5.6.1. Appliances with Sealed Combustion Chambers: The 
provisions of draft hoods as shown in Part III and Sections 5.2.2 
through 5.5 inclusive, do not apply to listed appliances having 
sealed combustion chambers and which are so constructed and 
installed that all air for combustion is derived from outside the 
space being heated and all flue gases are discharged to the out- 
side atmosphere. Such appliances, having integral venting, shall 
be considered as being properly vented when they are installed 
in accordance with their listing and the manufacturer’s instruc- 
tions. 

5.6.2. Gas Vent and Chimney Exhausters: 

a. Gas vent and chimney exhausters may be used with gas 
appliances in lieu of natural draft vents, except for incinera- 
tors. When an exhauster is used with gas appliances requiring 
venting, provisions shall be made to prevent the flow of gas 
to the main burner in the event of failure of the exhaust 
system. 

b. A vent connector serving a gas appliance vented by 
natural draft shall not be connected into the discharge side 
of a power exhauster. 

5.6.3. Ventilating Hoods and Exhaust Systems:* 

a. Ventilating hoods and exhaust systems may be used to 
vent gas burning appliances installed in commercial applica- 
tions. 

b. When automatically operated appliances, such as water 
heaters, are vented through natural draft ventilating hoods, 
dampers shall not be installed in the ventilating system. When 
the ventilating hood or exhaust system is equipped with power 
means of exhaust, the appliance control system shall be so 
interlocked as to permit appliance operation only when the 
power means of exhaust is in operation. 


5.7. Engineered Vent Systems 
The size of chimneys, gas vents or vent connectors specified 
in Part V shall not necessarily govern where standard engineer- 
ing methods have been used to design the vent system. 





*Information on the construction and installation of ventilating hoods 
may be obtained from NFPA No. 96, Standard on Ventilation of Res- 
taurant Cooking Equipment, available from the National Fire Protection 
Association, 60 Batterymarch Street, Boston 10, Massachusetts. 
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VA PORGLIDE 


Arkla-Servel proudly announces a design and engineering vehicle which: 
1. Gives ’rd more power without pistons or valves. 
2. Provides lowest ownership cost... full 5-year warranty. 
3. ls vibration-free ... never needs a tune-up. 


4. Has double and triple normal life expectancy, because there 
are no moving parts to wear out. 


5. Won't lose capacity or jump operating costs with age, 
because it has no efficiency-robbing friction. 
No, that’s not a space age automobile... it's the Arkla-Servel Sun 
Valley All-Year gas air conditioner, as it compares to conventional electric 
central system air conditioners. 





If we were really describing a new auto, you'd probably never buy 
anything but the Arkla model. That's what we think about modern Arkla 
gas air conditioning, too. 
And, if you find the comparisons a bit hard to believe, we 
respectfully invite you to talk to your local gas company, or write 
Arkla Air Conditioning Corp. 





AIR CONDITIONING 


macro Consens 


ARKLA AIR CONDITIONING CORP * SHANNON BLDG. «+ LITTLE ROCK, ARK 
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AVERAGE ECONOMY OF INDUSTRIAL FUEL CONSUMPTION OF TYPICAL FURNACES 
FURNACES WITH GOOD OPERATION 








Brick, kilns: Btu/1000 Brick 
Millions Effi- Hoffman continuous kiln 3,920,000-4,760,000 
Core atic on Ruebon kiln 5,880,000-9,240,000 
Grates and trough 4,760,000-6,300,000 
FERROUS PRODUCTS Staffordshire kiln 4,760,000-6,300,000 
Buhrer continuous tunnel 3,220,000-3,900,000 








i" 
o 


ngot heating, soaking pits 
illet heating for forming batch— 
In-and-out type 
Continuous non-recuperative 
Bar annealing, pit or car type 
Wire annealing—hood type, coils 
strand in lead 
strand, open fired 
stainless, catenary strand 
Caustic pickle, stainless wire coils 
Wire temper, open heat, lead quench 
Wire patenting, strands 
Wire galvanizing, strands 
Wire tinning, strands 
Wire baking, coils, continuous 
Nail galvanizing, retort 
Nail blueing, continuous retort 
Tube reheating, sizing mill 
Tube annealing—Continuous, bright 
batch, car type 
Tube normalizing. continuous roll-down 
Tube galvanizing 
Skelp heating, butt weld—batch 
continuous 
Slab heating, continuous recuperative 
Sheet bar heating—batch 
continuous 
Sheet and strip annealing, hood type— 
Carbon steels 1 
Alloy steels 2 
Strip annealing, continuous coils k: 
1 
3. 
a; 


Metal melting: Btu/Ton 


no w 
noo 


Iron and steel: 4 
Puddling 14,000,000 


Open-hearth 3,000,000-6,500,000 
Air furnace for malleable castings 8,600,000 


be bw bo 
non mS 


on = 
“II tb 


Copper, reverberatory 4,200,000 
Tin, smelting 19,200,000 


cs 
o 


Roiling-mill furnaces: 
Busheling 5,600,000-7,000,000 
Billet heating 2,240,000-2,520,000 
Billet heating (4 by 4) 2,800,000-4,200,000 


coosconé 
me Ww ork CO Or 


on 


Continuous furnace 
(cold billets) 1,500,000-2,250,000 


Continuous-bloom furnace .... 1,400,000-2,100,000 
Reheating cold blooms 1,960,000-2,800,000 


Soaking pits 
(hoit to cold ingots) 250,000-2,000,000 


Tire furnaces 4,500,000 
Wheel furnaces 8,400,000 


Sheet annealing 2,800,000 
Sheet normalizing, continuous, wasters 


Sheet galvanizing 0 Tin-plate mill 2,500,000 
Nickle stainless sheet anneal, strands 3.0 
Caustic pickle stainless strip, continuous 0.3 Rivet making: 
Nickle stainless sheet anneal, batch 4.5 
Enamelling — cast iron, three coats, batch 4.0 Rivet-making furnaces 1,260,000 

Flat ware, continuous 2.6 
Hardening, continous conveyor type 2.5 
Drawing, continous conveyor type 1.5 
Carburizing, boxes, continuous...................... 4.5 Drop forging or bolt heating 6,000,000-7,000,000 


Carburizing, gas, continuous 3.0 


hide eedmalbies 37 Ingot forging 4,000,000-5,000,000 


wow reK See 
Nwonrc wns oto 


ee 


Strip, bright annealing, strands 


mawoaow 


Forging: 





Ingot forging 
NON-FERROUS PRODUCTS (regeneration furnace) 3,500,000-4,000,000 





Copper and brass— Brass annealing 1,500,000-2,000,000 
Billet or cake heating, continuous 
Wire annealing — coils, continuous 

strands, bright : 

Sheet and strip anneal, continuous, pans § Casehardening 4,500,000-5,000,000 

Cartridge case anneal, continuous ‘ 

. Quenching 2,000,000-3,000,000 


Aluminum — 


Billet heating : Tempering 1,500,000-2,000,000 


Heat-treatment: 











With permission, ‘‘Hauck Industrial Combustion Data.'' Copyright 1953. Hauck By permission, ‘‘Chemical Engineers’ Handbook.’’ Copyright 1950. McGraw-Hili 
Manufacturing Company. Book Company. 
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Conversion Factor Data 


Length 












Centimeter = 


Inch = 


Kilometer = 





Centimeters 
Feet 

Inches 
Kilometers 
Meters 
Miles 
Millimeters 



























































1 
0.0328 
0.3937 
0.00001 
0.01 
0.00000621 
10 





12 
0.0003048 


0.0001893 
304.8 








2.54 
0.08333 

1 
0.0000254 
0.0254 
0.00001578 
25.4 








100,000 
3281 
39,370 
1 

1000 
0.6214 
1,000,000 








3.280833 
39.37 
0.001 


0.000621 
1000 





160,934.7 
5280 
63,360 
1.6093 
1,609.3 

1 
1,609,347.2 














Sq Centimeter = 










Sq Centimeters 
Sq Feet 

Sq Inches 

Sq Meters 

Sq Millimeters 














1 

0. 
0. 
0. 
100 





001076 
1650 
0001 








6.45 


645.2 





0.006944 


0.000645 








10,000 
10.76 
1849.9 


1,000,000 












Volume 















Cu Centimeter = 





Cu Foot = 


Cu Inch = 


Gal. (U.S.) = 








Barrels = 









Cu Centimeters 
Cu Feet 

Cu Inches 

Cu Meters 
Gal. (U.S.) 



































1 
0.00003531 
0.06102 
0.000001 
0.0002642 





28,317.016 16.39 

1 0005787 
1728 1 

0.028317 0.00001639 
7.481 0.004329 











1,000,000 


35.31 
61,023 


264.2 





3785 1000 
0.133680 0.03531 
231 61.02 
0.003785 0.001 

1 * 0.2642 








158,970 
5.614 
9702 
-1589 
42 












Mass & Weight 









Kilogram = 





Ton (long) = 








Ton (Metric) = 


Ton (short) = 








Grams 
Kilograms 
Milligrams 
Pounds 
Ounces 






































1000 

1 
1,000,000 
2.205 
35.274 





453.6 
0.4536 
453,600 


16 








1,016,047 
1016 
1,016,047,040 
2240 

35,840 





1,000,000 
1000 
1,000,000,000 
2204.6 


35. 


274 





907,200 
907.2 
907,200,000 
2000 
32,000 





28.35 
0.02835 
28,350 
0.0625 









Density 












Grams/cu cent. 
kilograms/cu meter 
Ib/cu ft 

Ib/cu in. 























Grams/cc = 
1 
1000 
62.43 
0.03613 





Kg/cu meter = 


0.001 

1 
0.06243 
0.00003613 





1 





Ib/cu ft = 


0.01602 
16.02 


0.0005787 








Ib/cu in. = 


27.68 
27,680 
1728 

1 









Pressure 















Atmospheres 
In. of Mercury 
atOc 

In. of Water 
at4cC 

Ft of Water 
at4C 

Lb/Sgq In. 









































Atmosphere = 
= er ners 
29.92 
406.8 


33.90 
14.70 





In. of Mercury 
atoc = 


0.03342 


1 


13.60 


1.133 
0.4912 











In. of Water Ft of Water 
at4cC = at4c = 
0.002458 0.02950 
0.07355 0.8826 
1 12 
0.08333 1 
0.03613 0.4335 








Kilograms/Sq 
Meter = 


0.000096 78 
0.002896 
0.03937 


0.003281 
0.001422 








Lb/Sq In. = 


2.036 
27.68 


2.307 
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Launched with great new advertising and merchandising in: GOOD HOUSEKEEPING, AMERICAN HOME 
SUNSET and BETTER HOMES AND GARDENS (fo prese// your heating prospects! 


You can 
afford the 
timeless 
beauty and 
reliability 
of the new 


HOBERTSHAW 


eles 


WALL 


THERMOSTAT .. Siniplyask your 


builder or heating 
contractor! 


New magnetic switch— Styled slim; 
‘ li t | 
sealed in glass— bh agg 


provides trouble-free operation, to-read dial! 
needs no leveling— 


Beautiful, rellable UNITROL 
water heater comes 





Why there is 


a one best 
switch in 
central 
heating... 




















ROBERTSHAWS new ClGanite 








featuring the Best switch/ 


HERE'S HOW IT WORKS: 


The new Robertshaw ante wall thermostat 
features an exciting new concept in low voltage 
switches, Sealed in glass, this patented switch 
(above) is actuated by a magnet brought into 
proximity of the contacts. Simplicity and a mini- 
mum of moving parts —plus the sealed in glass 
principle (protects from dust and moisture) — 
make the new Robertshaw é)anle the most 
reliable wall thermostat ever developed! 


When you specify the exciting new 
Robertshaw @l@Gante, you can be 
sure that you are giving your customer 
the finest, most tested wa// thermostat 
ever produced. 


NEWEST, BEST 
SMARTEST 

MOST RELIABLE 
EASIEST TO INSTALL 
MOST BEAUTIFUL 
MOST COMPACT 
NEEDS NO LEVELING 


EASY TO READ — EASY TO SET 








Poel 


Operates in any position — needs no leveling. 





The new Robertshaw é€/ante wall thermostat 
features classic architectural design and timeless 
beauty which will be in style for many, many 
years to come. 

This new switch principle guarantees long life 
and trouble free operation. In addition, Robert- 
shaw’s years of engineering experience in the 


controls industry assures consumer satisfaction. 


BIGGEST 
CENTRAL 
HEATING |fe= 
NEWS __| iti 
IN YEARS! (= 


All new full load fan and limit switch 
offers you more new features! 


Ask about the new Robertshaw full load Fan 
and Limit Switch (% hp—14 amp.) ... 
incorporates many new engineering ideas— 
saves you inventory and installation costs! 



































Ps ; GRAYSON CONTROLS IVISI 


y unconmas . Long Beach 5, Californi» 





Conversion Factor 





Linear Velocity 












































Centimeter/sec = Foot/min = Foot/sec = Mile/hr = 
Centimeters/sec 1 0.5080 30.48 44.70 
Feet/min 1.969 1 60 88 
Feet/sec 0.03281 0.01667 1 1467 
Miles/hr 0.02237 0.01136 0.6818 1 
Heat, Work, or Energy 
Ft-lb = Kw-hr = Hp-hr = Btu = Calories = 

Ft-lb 1 2,655,000 1,980,000 778.16 3.086 
Kw-hr 0.3766 x 10-6 1 0.7455 0.000293 0.1162 x 10-5 
Hp-hr 0.505 x 10-6 1.341 1 0.000393 0.1558 x 10-5 | 
Btu 0.001285 3413 2545 1 0.00397 
Calories 0.3241 860,565 641,615 252 1 | 

| | 




















et pe et 


1 





ae 





Miscellaneous Conversions 


Land Measure 


rod = 16.5 feet = 5.5 yards 


mile = 5280 feet = 1760 yards = 320 rods 
furlong = 10 chains = 40 rods = 660 feet 
square mile = 1 section = 640 acres = 102,400 square rods 1 hour = 0.04167 day 
acre = 43,560 square feet = (208.71 ft)2 


= (area of circle 1 inch in diameter) 1 Btu — 778 ft-lb per minute 
square inch = 1.2732 circular inches = 12.97 ft-lb per second 
= 0.02357 horsepower 
Metric Multiples (Volume) — 17.58 watts 
centiliter = 10 milliliters = 0.338 fluid ounce 1 horsepower = 42.41 Btu per minute 
deciliter = 10 centiliters = 0.845 liquid gill = 33,000 ft-lb per minute 
liter = 10 deciliters = 1.0567 liquid quarts = 550 ft-lb per second 
dekaliter = 10 liters = 2.6417 liquid gallons = 745.7 watts 
hectoliter = 10 dekaliters = 2.8375 U.S. bushels 1 kilowatt = 3413 Btu per hour 
kiloliter 2 = 1.341 horsepower 
(or stere) = 10 hectoliters = 28.375 U.S. bushels 1 boiler horsepower = 33,479 Btu per hour 
= 9.804 kilowatts 
Liquid Measure 
U.S. gallon (liquid) = 0.8327 Imperial gallon f 
Imperial gallon — 1,201 U. S. gallons (liquid) Temperature Conversions 
U.S. gallon (liquid) = 0.8594 U. S. gallon (dry) Absolute Temperature, deg. C = Deg. Centigrade + 273 
cubic foot = 7.4805 gallons (liquid) Temperature in deg. F = (Deg. Centigrade + 17.8) x 1.8 
U.S. gallon (liquid) = 231 cubic inches Absolute temperature, deg. F = Deg. Fahrenheit + 460 
U.S. gallon (liquid) = 8.336 lb water @ 62 F Temperature in deg. C = (Deg. Fahrenheit — 32) x 5/9 


Nautical Measure 


6080.27 feet = 1 nautical mile = 1.15156 statute miles = 168 hours 
3 nautical miles = 1 league (U.S.) 


Circular Inch 


1 circular inch = 0.7854 square inch 


Time 


1 day = 24 hours 
= 1440 minutes 
= 86,400 seconds 


= 60 minutes 
= 3600 seconds 


1 week =7 days 


= 10,080 minutes 
= 604,800 seconds 


Rate of Doing Work 
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AGA Recommended Good Practice Requirements For 












(Not applicable to undiluted liquefied petroleum gas.) 


Relates to piping systems 


and equipment not covered by 


> ASA Z21.30-1959 (Installation of Gas Appliances and Piping) and 
ASA Z21.33-1950 (Installation of Gas Equipment in Large Boilers). 





EDITOR’S NOTE: This section has been developed by 
combining Information Letters 70 and 70-A, issued by 
the AGA Industrial Gas Practices Committee, which are 
ultimately intended to serve as parts of a proposed Ameri- 
can Standard. Therefore the words standards, approved, 
shall and should follow usage consistent with the ultimate 
objective. Inasmuch as this material has been issued as an 
information letter, it does not, as yet, have a status of a 
standard. 

Under this caption appear the fundamental standards 
that should be observed during the installation of gas 
piping and equipment and recommendation for the selec- 
tion of suitable gas equipment to insure safety and con- 
sumer satisfaction. Responsibility for observing these 
standards shall rest with the person or agency making 
and/or authorizing the installation. 











PART I — GENERAL 


1.1 Scope 

These basic standards supplement the American Standard Code 
for Pressure Piping (ASA B 31.1-1955)* and the American Stand- 
ard for Gas Transmission and Distribution Piping Systems 
(ASA B31.1.8-1958).* These standards which follow govern the 
installation of consumer-owned gas piping, both in buildings and 
between buildings extending from the outlet of the gas meter set 
assembly, or point of delivery, to the inlet connections on gas 
utilization equipment. These standards are intended to cover 
piping systems for industrial installations at any pressure and for 
all other non-residential installations at operating pressures in 
excess of 12 psig. They cover the installation and testing of these 
systems for fuel gases such as natural gas, manufactured gas, 
liquefied petroleum gas-air, or mixtures of these gases. They do 
not cover systems for undiluted liquefied petroleum gas. 

NOTE: In applying these standards, reference should also be 
made to equipment manufacturer’s instructions, gas com- 
pany regulations, and local building, plumbing, gas and 
steam-fitting codes, or other applicable codes in effect in 
the area in which the installation is made. 

The word approved as used in these standards means 
acceptable to the authority having jurisdiction. 

Shall is intended to indicate requirements. 

Should is intended to indicate recommendations, or 
that which is advised but not required. 

1.2 Precautions Covering Work on Gas Company 
Facilities Including Mains, Services and Equipment 
up to and Including the Gas Meter Set Assembly 

Paragraphs 1.2.1 to 1.2.5 inclusive are not a part of these stand- 
ards but are included for information only. 

1.2.1 Gas Company’s Main. No person, unless in the employ 
of the Gas Company, or having permission from the Gas Com- 
pany, shall open or make connections to a Gas Company main. 

1.2.2 Service Pipe. No person, unless in the employ of the Gas 
Company or having permission from the Gas Company, shall 
repair, alter, open or make connection to the service pipe, or do 
any other work on the parts of the gas supply system up to and 





¥* Available from American Society of Mechanical Engineers, 29 West 39th 
Street, New York 18, New York. 
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including the meter set assembly except as covered under 1.2.5. 

1.2.3 Gas Company’s Meter Set Assembly. No person, unless in 
the employ of the Gas Company or having permission from the 
Gas Company, shall disconnect or move the gas meter set assem- 
bly. If it becomes necessary to turn off the meter for any reasons, 
gas shall be turned on again only in accordance with Sections 
2.11 and 2.12. 

1.2.4 Notify Gas Company of Any Repairs Needed. If a need 
for repairs or alterations on any part of the gas supply system 
is disclosed, the Gas Company shall be notified promptly of 
this fact. 

1.2.5 Notify Gas Company of Any Leaks. If gas is leaking from 
any part of the gas supply system, a gas fitter, steam fitter, or 
plumber not in the employ of the Gas Company may take 
necessary temporary repairs on the exposed piping only and shall 
promptly notify the Gas Company. Permanent repairs shall be 
made by the Gas Company. 


1.3 General Safety Regulations 


1.3.1 New Connections. Connections to gas piping systems 
should normally be made with gas shut off ahead of the point of 
work. However, hot taps may be‘made if they are installed by 
trained and experienced personnel, adequately equipped. 

1.3.2, Notification of Interrupted Service. It shall be the duty 
of anyone shutting off the gas to notify all affected points of 
consumption. 

1.3.3 Before Turning Gas Off. Except in the case of emergen- 
cies, before turning off the gas at the meter, all burner and pilot 
valves on the premises supplied with gas through the meter shall 
be turned off and the meter test hand observed for a sufficient 
length of time to ascertain that there is no gas passing through 
the meter. Where there is more than one meter on the premises, 
precautions shall be exercised to assure that the proper one is 
turned off. Before turning off the gas at any valve, all equipment 
supplied with gas through that valve shall be turned off. 

Before turning gas back on, the provisions in Section 2.11 shall 
be followed. 

1.3.4 Inspection for Gas Leaks. Inspection for leaks shall be 
made with approved leak detectors or by brushing a soap and 
water solution, or its equivalent, on the fittings and other sus- 
pected locations. No matches, candles, flame, or other sources of 
ignition shall be used during such inspections. See provisions 
of Sections 2.10.3 and 2.11.3. 

When inspecting for gas leaks do not operate electric switches 
either on or off, due to possibility of sparks. This applies also to 
switches located outside of the area but connected by conduits to 
the affected space. Use flash lights, preferably of the safety type. 
If necessary clear building of occupants, ventilate, shut off gas 
and investigate other buildings in the area. 

1.3.5 Working Alone. An individual shall not work alone in 
any situation where accepted working practice dictates that two 
or more men are necessary to perform the work safely. 

1.3.6 Handling of Liquid from Drips. Liquid which is removed 
from a drip pot in existing gas piping shall be handled cautiously 
to avoid spillage or ignition and shall not be left on the premises. 
Call the local gas company for disposal recommendations. 

1.3.7 No Smoking or Open Flames. When working on piping 
which contains or has contained gas, no smoking, open flames, 
lanterns, welding or other sources of ignition shall be permitted 
until proper safety precautions have been taken. 

1.3.8 Handling Flammable Liquids. Flammable liquids used 
by the installer shall be handled with proper precautions and shall 
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In large volume displacement meters—and in all types of meters—Ohio Fuel Gas Company relies on 
Reeves- Vulcan synthetic diaphragms for greater dependence, longer life and lower maintenance costs. 








“We greatly reduced P.D. meter maintenance 





‘The frequent replacement of leather diaphragms 
required in large-volume, positive-displacement me- 
ters on gas wells,’’ says Mr. DeBaets of Ohio Fuel 
Gas, ‘‘was, at one time, one of our major mainte- 
nance problems.’’ 


Problem: ‘‘When wewere using leather diaphragms, 
the impurities in the wellhead gas would wash the 
oil out of the diaphragms, and diaphragms had to 
be replaced frequently. And cold weather aggra- 
vated the situation.’’ 


Solution: ‘‘About 6 years ago, we changed to 
Reeves-Vulcan synthetic diaphragms for these me- 
ters, as well as for industrial and domestic meters. 
Our experience shows that Reeves- Vulcan synthetic 
diaphragms last longer...withstand wellhead gas 
impurities...operate better at low temperatures... 


synthetic diaphragms” 


M. P. DeBaets, General Superintendent 
Gas-Measurement Department, Ohio Fuel 
Gas Company, Columbus, Ohio 


are not affected by odorants. What’s more, since 
they require no oil, maintenance schedules have 
been extended.”’ 


Since changing to Reeves-Vulcan synthetic dia- 
phragms, Ohio Fuel Gas reports substantial savings 
through reduction in meter maintenance and tes- 
tings, and a much lower rate of diaphragm replace- 
ment. How about your metering efficiency? 


~ There’s a Reeves-Vulcan diaphragm for practically 


every type of gas meter made. Both molded and 
crimped styles are available in any volume. Order 
Reeves-Vulcan synthetic diaphragms from leading 
manufacturers or directly from: 


REEVES VULCAN 


Reeves Brothers, Inc., Vulcan Rubber Products Division 
1071 Avenue of the Americas -' New York 18, New York 
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- not be left inside a building upon completion of a job or during 
non-working hours. 

1.3.9 Work Interruptions. When interruptions in work occur, 
the system shall be left in a safe condition. 

1.3.10 Back-Pressure Protection. When gas burning equipment 
is to be installed which employs air or other gases at higher than 
normal gas pressures, suitable provisions shall be made to protect 
against reverse flow in gas lines. The local gas company shall be 
consulted for details. Also see 846.32 in ASA B31.1.8-1955. 

1.3.11 Low-Pressure Protection. When gas compressors or 
other equipment is used which might reduce supply pressures, 
suitable provisions shall be made to prevent dangerous pressure 
reductions on the inlet side of such devices. The local gas com- 
pany shall be consulted for details. Also see 846.32 in ASA 
B31.1.8-1955. 

1.3.12 Gas Piping as Electric Grounds. The gas piping shall 
not be used for an electric ground nor shall electric circuits 
utilize gas piping, casing of controls, panels or other metal parts 
in lieu of wiring. This provision shall not apply to low voltage 
control and ignition circuits, and to electronic flame detection 
device circuits incorporated as part of the appliance. 


PART Il— GAS PIPING INSTALLATION 


2.1 Piping Plan 

A suitably located space and facilities shall be provided for the 
Gas Company meter as agreed upon between the Gas Company 
and consumer. 

It is recommended that before proceeding with the installation 
of a gas piping system, a piping sketch or plan be prepared show- 
ing the proposed location and size of the piping and the various 
loads. Adequate consideration should be given to future loads and 
provisions made for added gas service. 

Before any final plans or specifications are completed, the Gas 
Company or the proper administrative authorities should be 
consulted. 

When additional equipment is to be served through existing 
piping, available capacity of the line shall be verified. 

2.1.1 Locate Gas Piping Safely. Piping other than entry, shall 
not be buried underground inside of buildings. Avoid running 
piping through crawl spaces. Where gas piping must be run in 
crawl spaces, tunnels or unfrequented basements, continuous 
ventilation should be provided. See paragraphs 2.7.2, 2.7.3, 2.7.4. 

Piping in crawl spaces should be treated in the same manner 
as other above ground piping with respect to painting and insula- 
tion if necessary. Entering piping buried inside the building be- 
yond the wall must be encased in a protective pipe of larger 
diameter. It is recommended that such casing extend at least 
4 in. outside of the building wall, being left open at that point, 
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FIG. |. Casing for gas pipe entrance buried under building with no 
crawl space. 
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and sealed at the inside end of the casing and a removable threaded 
inspection plug be provided in the casing. 

See Fig. 1, which illustrates an acceptable method of installing. 

When it is practical to do so, outdoor gas piping in industrial 
plant yards should be installed above ground. Such piping must 
be securely supported and located where it will be protected from 
physical damage. See 213 Section 2 ASA B31.1-1955. Where soil 
conditions are unstable and settling of piping or foundation walls 
may occur, adequate measures shall be provided to prevent exces- 
sive stressing of the piping. Avoid locating piping in cinder fill. 

2.1.2 Preventing External Corrosion. Corrosion protection 
should be provided for all underground piping by any method or 
combination of methods where investigation indicates that such 
protection is needed. See 841.173 ASA B31.1.8-1955. 

(Consult the local Gas Company relative to suggestions cover- 
ing protection of underground piping. ) 


2.2 Installation of Consumer-Owned Gas Meters 


2.2.1 Gas meters should be properly sized and designed for the 
maximum expected pressure. 

2.2.2 Gas meters should be located in ventilated spaces readily 
accessible for examination, reading, replacement or necessary 
maintenance. 

2.2.3 Gas meters shall not be placed where they will be sub- 
jected to damage, such as adjacent to a driveway, in public pas- 
sages, halls, coal bins, etc., or where they will be subject to ex- 
cessive corrosion. 

2.2.4 Gas meters shall be located at least 3 ft from an un- 
guarded flame or the possibility of electric sparks. 

2.2.5 Gas meters shall not be located where they will be sub- 
jected to excessive temperatures or sudden extreme changes in 
temperature. Meter manufacturers will furnish information re- 
garding safe temperature limits. 

2.2.6 Gas meters shall be securely supported and connected 
to the piping so as not to exert a strain on the meters. 

2.2.7 Where conditions are such as to produce condensate, a 
drip pot should be provided to prevent the condensate from enter- 
ing the meter. 

2.2.8 Gas meters, filters and strainers should be provided with 
suitably valved by-passes so that service may be maintained when 
it is necessary to calibrate or service them. 


2.3 Consumer-Owned Gas Pressure Regulators 


2.3.1 Where the gas supply pressure is higher than that at 
which the gas utilization equipment is designed to operate, a gas 
pressure regulator shall be installed. Where used, gas pressure 
regulators should maintain the gas pressure to the burner supply 
line within plus or minus 10 percent of the operating gage pres- 
sure between maximum and minimum firing rates. These limita- 
tions do not apply to regulators known as “zero governors” used 
in connection with gas-air proportioning and mixing systems. 

Regulators of the spring loaded, dead weight or pressure bal- 
anced type are preferred. Spring, weight loaded or exposed lever 
type regulators must have springs, levers and weights covered by 
a suitable housing. 

2.3.2 Pressure regulators of the diaphragm type, except zero 
governors, generally require venting. An adequately sized inde- 
pendent vent to a safe point outside the building should be pro- 
vided when the regulator is such that a ruptured diaphragm will 
cause a hazard. Means should likewise be provided to prevent 
water, insects or foreign materials from entering the vent pipe. 

2.3.3 Where failure of the pressure regulator could produce 
downstream pressures which might result in hazardous conditions 
or damage to equipment, the downstream piping system should be 
provided with adequate means for over-pressure protection. 

2.3.4 Suitably valved by-passes should be placed around gas 
pressure regulators where continuity of service is imperative. 


2.4 Materials 


2.4.1 SELECT PROPER PIPE MATERIALS 

Steel Pipe. Standard weight or ASA Schedule 40 Steel Pipe is 
acceptable and generally used for gas pressures up to 125 psig. 
For higher gas pressures, piping shall be selected in accordance 
with 214 ASA B31.1-1955. 

Welded joints should be used wherever practical. (See Section 
6, Chapter 4 of ASA B31.1-1955.) Compression or gland type 
fittings may be used if adequately braced so that neither the gas 
pressure nor external physical damage will force the joint apart. 
Pipe shall be fully inserted in gland or compression type joints 
before completing the assembly. Screw fittings should be mallea- 
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ble cast iron, steel castings or forgings. In sizes 4 in. and larger, 
cast iron fittings may be used. 

Cast Iron Pipe. Cast iron pipe of 4 in. size and larger equipped 
with standardized mechanical joints and made in accordance with 
ASA specifications A21.7 or A21.9 may be used for underground 
service for pressures up to 50 psig. For provisions covering in- 
stallations of cast iron pipe, refer to 842.2 ASA B31.1.8-1955. 

Copper Pipe and Tubing. For gases containing sulfur com- 
pounds, copper and its alloys may prove unsuitable for gas piping. 
Consult the gas company before using these materials. 

The use of copper tubing or piping shall comply with 847.4 
ASA B31.1.8-1955, Copper Services (and Mains). For copper 
tubing, brazed (melting point over 1000 F) or flared joints should 
be used. 

For copper and brass pipe, threaded or brazed joints (melting 
point over 1000 F) should be used. Compression or gland type 
couplings shall not be used in above ground installations. 

2.4.2 Gasket Materials. Flange gaskets may be either of the 
full face or ring type, made from a standard grade asbestos or a 
composition sheet packing. Packing for gland type joints shall be 
of a material resistant to the action of LP gas or any other con- 
stituents of the gas to be handled. Consult the local gas company 
bearing in mind possible use of auxiliary or substitute gases dur- 
ing peak loads. For further information on gasket material speci- 
fications refer to 209(c)(2) ASA B31.1-1955. 

2.4.3 Use of Old Pipe. Pipe, fittings, valves, etc., removed from 
any existing installation shall not be used again unless they have 
been thoroughly cleaned, inspected and ascertained to be equiva- 
lent to new material. 

2.4.4 Joint Compounds. Joint compounds (pipe dope) shall be 
resistant to the action of liquefied petroleum gas or any other 
chemical constituents of the gases to be handled. Consult the 
local gas company bearing in mind possible use of auxiliary or 
substitute gases during peak loads. 

2.4.5 Gas Pipe Identification. The use of a color coding to 
identify gas piping in accordance with ASA A13 “Identification 
of Piping Systems” is suggested. 


2.5 Size of Piping 
2.5.1 Capacity. Piping shall be of such a size and so installed 
as to provide a supply of gas sufficient to meet the requirements 


of demand and pressure at the point of use. The proper size 
depends upon the following factors: 

a. Maximum gas consumption to be accommodated. See 2.5.2. 

b. Diversity of load. See 2.5.3. 

c. Allowable loss in pressure from the start of the pipe to the 
end. See 2.5.4. 

Length of pipe, and number and size of fittings, valves, and 
control devices. See 2.5.5. 

e. Specific gravity of the gas. 

f. Allowance for any probable future change in consuniption, 

specific gravity or heating value of gas. 

2.5.2 Maximum Gas Consumption. The volume of gas to be 
provided for (in cu ft per hour) shall be determined directly from 
the manufacturer’s input ratings of the equipment served. When 
input rating is not indicated, the gas company should be con- 
tacted for estimated volume of gas to be supplied. 

To obtain the cu ft per hour of gas required, divide the Btu 
per hour rating by the average Btu per cu ft heating value of the 
gas supplied. The average heating value of the gas (Btu per cu ft) 
may be obtained from the local gas company. 

2.5.3 Diversity of Load. Preferable practice is to use the total 
connected hourly load as the basis for pipe sizing since all equip- 
ment may be operating at full capacity simultaneously. However, 
if there is a diversity of load, smaller sized piping can be used 
with entire satisfaction. 

2.5.4 Allowable Pressure Loss. It is recommended that the 
pressure loss in any gas piping system from the meter to any 
gas utilization equipment under maximum probable flow condi- 
tions should not exceed 0.5 in. water column for piping systems 
operating at 12 psig or less pressure, or 10 percent of the initial 
gage pressure for piping systems operating at higher pressures. 

2.5.5 Equivalent Length of Pipe. Table I gives the Equivalent 
Resistance of Bends, Fittings, and Valves as Length of Straight 
Pipe in Feet to be added to the actual length to obtain the Total 
Equivalent Length on which pressure loss calculations are based. 

To obtain the Total Equivalent Length add to the actual length 
of pipe involved the length in feet to allow for various fittings as 
shown in Table 1. Thus if the problem involves 300 ft of 6-in. 
pipe having three standard elbows and two gate valves, the Total 
Equivalent Length will be 

300 + 3 x 15.2+2 x 3.54 = 352.68 ft. 


d. 








TABLE 1. Equivalent resistance of bends, fittings, and valves in length of straight pipe in feet.1 


















































Inside Screwed? 90° welding elbows Miter Elbows? Welding Valves-screwed, 
_ pipe Fittings and smooth bends (No. of miters) Tees flanged, or welded 

Nom- | diameter, 

inal ; 180° 

pipe inches, close 

size, | Schedule | 45° | 90° |return R/d| R/d| R/d| R/d|R /d| R/d| 1 1 1 2 3 | For- ‘Swing 
inches 40 Ell | Ell | bends} Tee | =1 | =144) =2| =4| =6] =8 | 45° | 60°} 90° | 90° | 90° | ged | Miter | Gate |Globe| Angle | Check 

L = equivalent length in feet of Schedule 40 (standard weight) straight pipe 

¥% 0.622 | 0.73] 1.55] 3.47] 3.10) 0.83] 0.62] 0.47| 0.36] 0.47| 0.62! 0.78] 1.55] 3.10) 1.04] 0.78] 2.33] 3.10| 0.36] 17.3] 8.65) 4.32 

4% 0.824 | 0.96| 2.06] 4.60 4.12) 1.10| 0.82| 0.62| 0.48) 0.62] 0.82| 1.03] 2.06} 4.12) 1.37] 1.03] 3.09] 4.12] 0.48] 22.9| 11.4| 5.72 
1 1.049 | 1.22) 2.62) 5.82) 5.24] 1.40) 1.05] 0.79) 0.61) 0.79} 1.05) 1.31) 2.62) 5.24) 1.75} 1.31] 3.93] 5.24) 0.61) 29.1) 14.6] 7.27 
1% 1.380 | 1.61] 3.45} 7.66) 6.90) 1.84) 1.38] 1.03) 0.81) 1.03} 1.38) 1.72) 3.45} 6.90) 2.30] 1.72) 5.17) 6.90} 0.81) 38.3) 19.1} 9.58 
1% 1.610 | 1.88} 4.02) 8.95) 8.04} 2.14) 1.61) 1.21) 0.94) 1.21) 1.61} 2.01) 4.02) 8.04) 2.68) 2.01) 6.04) 8.04) 0.94) 44.7) 22.4 | 11.2 
2 2.067 | 2.41) 5.17) 11.5 | 10.3 | 2.76) 2.07) 1.55| 1.21) 1.55) 2.07) 2.58] 5.17) 10.3 | 3.45) 2.58} 7.75) 10.3 | 1.21) 57.4) 28.7 | 14.4 
24% 2.469 | 2.88) 6.16) 13.7 | 12.3 | 3.29) 2.47) 1.85) 1.44] 1.85] 2.47) 3.08) 6.16) 12.3 | 4.11) 3.08) 9.25) 12.3 | 1.44) 68.5! 34.3 | 17.1 
3 3.068 | 3.58) 7.67) 17.1 | 15.3 | 4.09} 3.07) 2.30] 1.79} 2.30) 3.07| 3.84) 7.67) 15.3 | 5.11) 3.84/11.5 | 15.3 | 1.79) 85.2) 42.6 | 21.3 
+ 4.026 | 4.70)10.1 | 22.4 | 20.2 | 5.37| 4.03) 3.02} 2.35} 3.02) 4.03) 5.04)10.1 | 20.2 | 6.71) 5.04/15.1 | 20.2 | 2.35)112. | 56.0 | 28.0 
5 5.047 | 5.88)12.6 | 28.0 | 25.2 | 6.72) 5.05) 3.78) 2.94) 3.78) 5.05) 6.30)12.6 | 25.2 | 8.40) 6.30/18.9 | 25.2 | 2.94/140. | 70.0 | 35.0 
6 6.065 | 7.07)15.2 | 33.8 | 30.4 | 8.09) 6.07) 4.55) 3.54] 4.55] 6.07) 7.58/15.2 | 30.4 {10.1 | 7.58)22.8 | 30.4 | 3.45)168. | 84.1 | 42.1 
8 7.981 | 9.31|20.0 | 44.6 | 40.0 |10.6 | 7.98] 5.98) 4.65) 5.98] 7.98) 9.97|20.0 | 40.0 |13.3 | 9.97/29.9 | 40.0 | 4.65)222. |111. | 55.5 
10 10.02 {11.7 25.0 | 55.7 | 50.0 |13.3 |10.0 | 7.51| 5.85] 7.51/10.0 |12.5 |25.0 | 50.0 |16.7 |12.5 |37.6 | 50.0 | 5.85)278. |139. | 69.5 
12 11.94 |13.9 |29.8 | 66.3 | 59.6 |15.9 {11.9 | 8.95) 6.96] 8.95/11.9 |14.9 |29.8 | 59.6 |19.9 |14.9 |44.8 | 59.6 | 6.96)332. 166. | 83.0 
14 13.13 [15.3 |32.8 | 73.0 | 65.6 |17.5 |13.1 | 9.85) 7.65) 9.85]/13.1 |16.4 |32.8 | 65.6 |21.9 |16.4 |49.2 | 65.6 | 7.65/364. |182. | 91.0 
16 15.00 {17.5 |37.5 | 83.5 | 75.0 |20.0 |15.0 |11.2 | 8.75)11.2 |15.0 [18.8 |37.5 | 75.0 |25.0 |18.8 |56.2 | 75.0 | 8.85)417. |208. {104. 
18 16.88 |19.7 |42.1 | 93.8 | 84.2 22.5 |16.9 |12.7 | 9.85]12.7 |16.9 |21.1 |42.1 | 84.2 |28.1 |21.1 |63.2 | 84.2 | 9.85)469. /234. 117. 
20 18.81 {22.0 |47.0 |105. | 94.0 {25.1 |18.8 {14.1 {11.0 [14.1 |18.8 |23.5 |47.0 | 94.0 [31.4 |23.5 |70.6 | 94.0 {11.0 |522. |261. {131. 
24 22.63 26.4 |56.6 |126. |118. {30.2 |22.6 {17.0 |13.2 |17.0 |22.6 |28.3 |56.6 |113. {37.8 |28.3 |85.0 |113. {13.2 |629. |314. 157. 



























































2Flanged fittings have three-fourths the resistance of screwed elbows and 
tees (see reference (m) of footnote on p. 96). 

3Small size socket-welding fittings are equivalent to miter elbows and 
miter tees. 


1Values for welding fittings are for conditions where bore is not ob- 
structed by weld spatter or backing rings; if appreciably obstructed, use 
values for “Screwed Fittings.” 
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See Table 3 to compensate for specific gravity other than 0.60. 

2.5.6 Piping Tables. The pipe sizing Tables (2a to 2g) giving 
the Total Equivalent Length of Pipe in Feet, indicate approxi- 
mate capacities for single runs of piping. Where more complex 
systems are involved, detailed engineering calculations must be 
made. 

2.5.7 Extensions. The size of extensions to existing piping sys- 
tems should be calculated in accordance with the rules established 
by Section 2.5.1 but in no case should extensions be made to 
existing pipe which are smaller than those determined through 
the use of Piping Tables described in Section 2.5.6. 


2.6 Pipe Threads 


2.6.1 Specifications for Pipe Threads. Pipe and fitting threads 
shall comply with the American Standard for Pipe Threads, 
ASA B2.1-1945, a portion of which follows: 








Nominal Pipe Approximate Length of Approximate No. of 
Size (Inches) Threaded Portion (Inches) Threads to be Cut 
4 34 10 
1 % 10 
14% 1 11 
1% 1 11 
2 1 11 
2% 1% 12 
3 1% 12 
4 1% 13 
6 1% 14 
8 2 16 








2.6.2 Damaged Threads. Pipe with threads which are stripped, 
chipped, corroded or otherwise damaged shall not be used. If a 
weld opens during the operation of cutting or threading, that 
portion of the pipe shall not be used. 


2.7 Concealed Piping 


General: Concealed gas piping may become hazardous if any 
leakage develops. The hazard is greatly increased at higher gas 
pressures. 

Concealed piping should be avoided. 

Where concealment can not be avoided every possible pre- 
caution should be taken to limit the hazard. These precautions 
should igclude the following: 

2.7.2 Piping Locations. Gas piping should not be run in floors 
or solid partitions of buildings, or through heating, cooling or 
ventilating ducts, elevator shafts, furnaces, refrigerating rooms, 
drying ovens or in any place where proper ventilation cannot be 
continuously provided and piping easily inspected at any time. 

Piping may be run in separate shafts, pipe ways, channels or 
trenches if these are properly ventilated at all times and easily 
opened for inspection throughout their length. 

2.7.3 Installation of Concealed Piping. When installing gas 
piping that must be concealed, all threaded or flanged joints shall 
be made permanently tight. If possible use welded joints. Do not 
use unions, gland or compression type joints, running threads, 
right and left couplings, bushings, and swing joints including those 
made by combinations of fittings except as covered by paragraph 
2.7.4. 

2.7.4 Reconnections. When necessary to insert fittings in exist- 
ing piping which has been installed in a concealed location, the 
piping may be reconnected by the use of a ground joint union 
with the nut “center punched” to prevent loosening by vibration. 


2.8 Installation of Piping and Fittings 


2.8.1 Building Structure. The building structure shall not be 
weakened by the installation of any gas piping. Before any struc- 
tural members are cut or notched, special permission should be 
obtained from the proper administrative authority. 

2.8.2 Piping Subjected to Low Temperatures. Natural gas is 
usually dry and thus is not subject to freezing. Occasionally gas 
companies find it necessary to steam fog natural gas. When this 
is practiced, piping shall be treated to prevent gas from freezing. 
Manufactured gas and mixed gas generally contain moisture and 
therefore the piping should be buried at least 24-in. or should be 
well insulated when installed above ground. Consult the local 
gas company. 

When it is necessary to install piping on or along an outside 
wall, furring strips shall be placed between the piping and the 
wall. If lines carrying gases having appreciable moisture content 
may be subjected to low temperatures, the piping should be pro- 


tected with a suitable covering of insulation or such other pre- 
cautions taken as may be necessary to prevent freezing. 

2.8.3 Condensate in Piping. Piping carrying gases containing 
moisture or other condensibles shall be properly graded to risers, 
drips, or to a suitable collecting point at the gas utilization equip- 
ment. The pitch shall be no less than %-in. in 15 ft and there 
shall be no traps in the piping. 

Except where a dry gas is used, a drip of adequate size shall 
be provided at any point in the line of piping where a condensate 
may collect. The size of any drip shall not be smaller than the 
diameter of the pipe to which it is attached and shall be installed 
where it can be readily emptied and cleaned. Drips shall not be 
located where the condensate is likely to freeze. Where expedient 
for the removal of condensate and scale, a “T” with its bottom 
opening extended and capped should be located at each low point 
in the line. See 211 ASA B31.1-1955. 

2.8.4 Supporting Pipe. All gas piping shall be securely fastened 
to structural members of adequate strength and supported with 
pipe hooks, metal pipe straps, bands or hangers of the proper 
strength and quality for the size of pipe and located at proper 
intervals. Gas piping shall not be hung, strapped or otherwise 
supported from a water, steam, sewer or other pipe or electric 
conduit. 

Spacing of supports in piping installations shall not be greater 
than the following: 


Rr I ask aca es sicarten cad assidecaessoesh Bad iaetanedata eas des 8 ft 
1%. im. or larger Chorimomtal) ...............0ccescccsesccscscvssavssnnsonaes 10 ft 
1% in. or larger (vertical) ..........................csce00 every floor level 


2.8.5 Bending Pipe. Where pipe bends are the only practical 
way to provide changes in direction, they should be made in 
such a way that they shall be free from buckling, cracks or other 
evidence of physical damage and the effective gas carrying capac- 
ity shall not be materially reduced. 

2.8.6 Provision for Expansion. Long runs of pipe of 4 in. 
diameter and over may require suitable means to compensate for 
expansion and contraction. For details see Chapter 3, Section 6 
of ASA B31.1-1955. 

2.8.7 Closing Pipe Openings. All outlets including valve or 
plug cock outlets shall be made gas tight with pipe caps, pipe 
plugs, or blind flanges until the gas utilization equipment has 
been connected. Likewise, when equipment is disconnected from 
an outlet and the outlet is not to be used again immediately, it 
shall be securely closed as indicated above. In no case shall the 
outlets be closed with wooden plugs, corks, tin caps, etc. 

2.8.8 Branch Piping Connections. All branch connections should 
preferably be taken from the top or sides of horizontal lines. See 
Chapter 5, Section 6, ASA B31.1-1955. 

2.8.9 Bushings. Reducing couplings are to be preferred to 
bushings. Cast iron or plastic bushings should not be used. When 
bushings must be used they should reduce no less than two pipe 
sizes, otherwise their wall thickness is inadequate. 


2.9 Gas Shut-Off Valve 


2.9.1 Shut-Off Valves. Shut-off valves or cocks should be se- 
lected giving consideration to pressure drop and service involved. 
Full opening lubricated plug valves or gate valves cause minimum 
pressure drop. Where cocks are used in sizes larger than 2 in., or 
for pressures greater than 14 psig, the lubricated plug type cock 
is recommended. Where pressures of 5 psig or greater are used 
Tamper-Proof Cocks are recommended. 

Manual shut-offs should be provided at appropriate points in 
large piping systems and also at each oven, furnace or other in- 
tegral piece of gas utilization equipment. It is advisable to provide 
an exterior shut-off to permit cutting off the gas supply to each 
building in an emergency. The emergency shut-off valves should 
be plainly marked as such and their locations posted at appro- 
priate points. 


2.10 Test of New Piping for Tightness 


2.10.1 Final Testing and Inspection. Before the piping is finally 
approved and equipment or gas supply is connected, a test for 
tightness shall be made by the installer and observed by a quali- 
fied representative of the authority responsible for final approval. 

To test for tightness, the system shall be subjected to a test 
pressure of at least 1.5 times the proposed maximum operating 
pressure, but never less than 6-in. of mercury column or 3 psig. 
The system shall hold this bottled up pressure after disconnecting 
the pressure source for a period of time depending upon the size 
of the system, but not less than 10 minutes, without showing any 
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drop in pressure after the test gas in the pipe has been given time 
to arrive at the ambient temperature. 

Unusually long piping systems of larger diameter pipe to be 
used at pressures above 14 psig should be tested for longer periods 
of time. 

2.10.2 Test Gas. For test purposes, air or an inert gas such as 
carbon dioxide, nitrogen or combustion products should be used 
as the pressurizing medium. UNDER NO CIRCUMSTANCES 
SHALL OXYGEN OR ETHER BE USED TO TEST FOR 
TIGHTNESS OR TO LOCATE LEAKS. 

2.10.3 Locating Leaks. Tests for leaks should be made with 
approved leak detectors or by brushing on a soap and water solu- 
tion or its equivalent while the system is under pressure. 


2.11 Turning On Gas 


2.11.1 Turning on Gas. When the accredited representative of 
the authority having jurisdiction is satisfied the piping system is 
free of leakage, the gas may be turned on and service established. 

2.11.2 Before gas is turned into a system of new gas piping, 
or back into an existing system after being shut off, the entire 
system shall be checked to make certain that there are no open 
fittings or ends and that all valves at outlets and equipment are 
closed. 

2.11.3 Checking for Leakage with Meter. Immediately after 
turning the gas into the piping system, the system shall be checked 
to ascertain that no gas is escaping. If a meter is available this 
can be done by carefully watching the test dial to determine 
whether gas is passing through the meter. The observation should 
be made with the test hand on the “upstroke.” 


2.12 Purging 


2.12.1 Purge All Gas Lines. After the piping system has been 
leak tested and pressure tested, it should be fully purged at the 
most distant point from the point of entry of the gas by a hose 
or temporary pipeline to the outside of the building. Each major 
branch line should be similarly purged at its far end. The AGA 
Purging Handbook describes details of purging methods. 


PART Ill — INSTALLATION OF GAS 
EQUIPMENT ON INDUSTRIAL AND 
COMMERCIAL PREMISES 


3.1 General 


It is intended that all gas equipment installed under these 
standards shall be safe and suitable for the conditions under which 
it is to be used. 

It is recommended that the person or agency authorizing the 
installation of the gas equipment make use of the applicable 
national equipment standards. In applying these installation stand- 
ards, reference should be made also to gas equipment manufac- 
turers’ instructions, gas company regulations, and local building, 
plumbing, gas and steam fittings codes or other applicable regu- 
lations in effect in the area in which the installation is to be made. 

Gas equipment not covered by standards or specifications listed 
herein may be investigated, or tested after installation, to demon- 
strate that it is safe and suitable for the proposed service, and 
that it is recommended for that service by the manufacturer. 

3.1.1 Type of Gas. It shall be determined that the gas equip- 
ment has been designed for use with the type of gas available at 
the point of utilization. No attempt shall be made to convert the 
equipment from the gas specified on the rating plate for use with 
a different gas without consulting the gas supplier and/or the 
equipment manufacturer for complete instructions. 

3.1.2 Verification of Gas Supply. When planning the instal- 
lation of additional gas equipment the gas supplier should be con- 
sulted to determine the adequacy of the gas supply, piping, and 
meter set assembly. See 2.1, 2.5, and 3.2.1. 

3.1.3 Use of Air or Oxygen Under Pressure. When gas equip- 
ment is to be installed which may permit air, oxygen, or other 
gases to flow into the gas supply lines suitable provisions shall 
be made to prevent such flow. See 846.32 in ASA B31.1.8-1955 
and NFPA—NBFU Pamphlet No. 51-1956, Section 34. 

3.1.4 Installation Instructions. The installer and/or gas equip- 
ment manufacturer shall furnish installation instructions which 
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shall be followed in making the installation and which shall be 
left in a location on the premises where they are readily available 
for reference. 


3.2 Areas of Responsibility 


Because industrial and commercial gas applications are so 
varied in nature, many agencies are jointly responsible for their 
safe and satisfactory use. The general areas of responsibility are 
outlined in this section and a detailed check-list given. 

3.2.1 The Person or Agency Planning an Installation of Gas 
Equipment Is Normally Responsible for: 

Verifying the adequacy of the gas supply, volume and pressure, 

Determining suitability of gas for the process, and 

Notifying gas suppliers of significant changes in requirements. 

3.2.2 The Gas Supplier Is Normally Responsible for Furnish- 
ing the User, Upon Request, with Complete Information on: 

Combustion characteristics and physical-chemical properties 
such as specific gravity, heating value, pressure, and the approxi- 
mate analysis of the gas. 

Conditions under which an adequate supply of gas at suitable 
pressure can be brought to the site, and 

Continuity of the gas supply. 

3.2.3 The Gas Equipment Manufacturer or Builder Is Nor- 
mally Responsible for: 

Design and construction of all gas equipment or assemblies 
shipped from his plant, 

Design and construction of all gas equipment fabricated, 
erected, or assembled by him in the field. 

A statement of the maximum houriy Btu input, type of gas, 
and design pressure range, and 

Operating instructions for the user. 

3.2.4 The Person or Agency Making and/or Authorizing the 
Installation of Gas Equipment Is Normally Responsible for: 

The selection, erection, and/or assembling of gas equipment, 
components, or designs purchased or developed by him, 

Conforming to codes, ordinances, or regulations applicable to 
the installation, 

Adequacy of necessary vents and chimneys, and 

Maintaining and operating the gas equipment in a safe manner 
at all times. 

3.2.5 Gas Equipment Design and Construction Check-List. 
The following check-list, 3.2.5.1 to 3.2.5.7, should be considered 
by those responsible for the design or selection of the equipment. 

3.2.5.1 Basic Design and Installation Factors 
Suitability of equipment for process requirements, 
Adequate structural strength and stability, 
Reasonable life expectation, 
Conformance to existing safety standards, 
Adequate combustion space and venting, and 
Means for observation and inspection of combustion. 
3.2.5.2 Materials of Construction: Materials used should 
provide reasonable life expectancy for the service intended and 
be capable of satisfactorily withstanding: 
Operating temperatures, 
Chemical action, 
Thermal shock, and 
Load stresses. 
3.2.5.3 Combustion Systems. Combustion systems should be 
selected for the characteristics of the available gas so that they 
will operate properly at the elevation at point of use and 
produce: 
Proper heat distribution, 
Adequate operating temperature range, 
Suitable flame geometry, 
Flame stability, 
Operating flexibility, and 
Desired heating chamber atmosphere. 
3.2.5.4 Pipe, Fittings and Valves. Pipe, fittings and valves 
should conform to applicable ASA standards and to Sections 
I and II of Information Letter No. 70-1955. Concealed piping, 
bushings, material in fittings, etc., should not be selected nor 
used until the following factors have been considered: 

Correct size to handle required volume (Consideration 
of pressure drop in controls and manifolds is particularly 
important in low-pressure systems), 

Material specifications suitable for pressures and tem- 
peratures encountered, 

Adequate supports and protection against physical 
damage, 
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Tight assembly and thorough leak inspection, 

Use of sufficient unions and flanges, where permitted, 

for convenient field replacement or repair, and 

Arrangement of piping to provide accessibility for equip- 
ment adjustments and freedom from thermal damage. 

3.2.5.5 Fuel and Electrical Information. Information con- 
cerning the characteristics of the gas and electricity available at 
the point of utilization should be specific and complete. Gas 
controls and electrical equipment should be selected to conform 
to these characteristics. Specifications to consider include: 
Type of gas: Heat content, pressure, specific gravity, and 
approximate analysis, 

Voltages, phase, cycles for both control and power cir- 
cuits, 

Location of electrical equipment and wiring to avoid 
thermal damage and excessive concentrations of dust, dirt, 
or foreign material, and 

Applicable electrical codes and/or standards. 

3.2.5.6 Temperature Controls. Temperature controls, if used, 
should be carefully selected considering: 

Range and type of instruments and sensing elements, 

Type of control action, 

Suitability for service required, and 

Correlation of control instruments 
equipment. 

3.2.5.7 Protective Equipment. In enclosed chambers the ac- 
cumulation of gas-air or solvent-air mixtures, which may be 
accidentally ignited, constitutes a potential hazard to life and 
property. For this reason it is necessary to select and install 
suitable protective equipment. The selection of a satisfactory 
protective system and components not otherwise covered by 
existing codes or standards should be based on the requirements 
of each individual installation after consultation with the vari- 
ous interested parties, including user, designer, insurance com- 
pany, and local authorities having jurisdiction. 
Some of the factors and considerations 
selection of protective equipment are: 

Feasibility of its installation, 

Its adaptability to process and control requirements, 

Conformance to existing standards, ordinances, require- 
ments, and other regulations which apply. 


with operating 


involved in the 


3.3 Location of Equipment 

Gas equipment. and flue or vent connectors when required, 
siall be installed in a location where continuous or intermittent 
operation (whichever is required) will not create a hazard to 
persons or property. 

3.3.1 Accessibility for Service and Repairs. The location of gas 
equipment should be such as to make it accessible for adjusting, 
cleaning, and servicing of burners, motors, controls, draft hoods, 
and other working parts, without extensive disassembly. 

3.3.2 Air Supply for Combustion, Processes, and Ventilation. 
Gas equipment shall be installed in a location where the facilities 
for ventilation permit satisfactory combustion of gas and proper 
venting under normal conditions of use. (See 3.5.) 

3.3.3 Venting Requirements. Adequate provisions shall be 
available for the safe removal of combustion products, process 
fumes, and used ventilating air. (See Venting 3.6.) 

3.3.4 Mounting Requirements. At locations selected for in- 
stallation of gas equipment the dynamic and static load carrying 
capacities of the building structure should be checked to deter- 
mine if they are adequate to carry the additional loads. 

Gas equipment shall be adequately supported and so connected 
to the piping as not to exert undue stress on the connections. 

The building structure shall be adequately protected against 
thermal damage where it may be endangered by heat and against 
impact damage from material being carried on conveyors or by 
pieces falling from conveyors. 

3.3.5 Building Structures and Clearances 

3.3.5.1 Inclusion of the building columns, girders, beams, or 
trusses within gas equipment shall not be considered unless ap- 
propriate insulation and ventilation can be provided to avoid all 
deterioration in strength caused by heat, ignition of combustible 
materials, and detrimental linear expansion of the building 
structure. 

In any installation, structural members of a building shall not 
pass through the gas equipment if the operating temperature is 
to be in excess of 500 F. If structural members of a building are 
to pass through gas equipment having an operating temperature 
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less than 500 F., but in excess of 160 F., they shall be non 
combustible or fireproofed. 

For suitable methods of fireproofing, see the National Build 
ing Code of the National Board of Fire Underwriters or th 
building code of the locality in which the building is located. 

3.3.5.2 Gas Equipment should be located where it will easil 
be accessible with adequate clearance available above the equir 
ment to permit inspection and maintenance, installation of auto 
matic sprinklers, proper use of firehose streams, and prope 
functioning of explosive vents. Exterior surfaces of gas equi; 
ment shall be sufficiently insulated and the surrounding space 
sufficiently ventilated to keep temperatures of adjacent combu 
tible structures below 160 F. See NFPA - NBFU Bulletin No. 86, 
Class A Ovens and Furnaces, for detailed recommendation 
Though these pamphlets apply to ovens and furnaces, many pro- 
visions therein apply equally to other gas equipment. 

3.3.6 Supports. Gas equipment should be furnished either with 
load distributing bases, or with a sufficient number of adequate 
supports to prevent damage to either building structure or 
equipment. 

3.3.7 Gas Equipment Barricades. When it is necessary to locate 
gas equipment close to a passageway traveled by trucks or cranes, 
suitable guard rails or bumper plates should be installed to pro- 
tect the equipment from damage. 

3.3.8 Portable Gas Equipment. Portable gas equipment on 
wheels should be equipped with suitable bearings and _ heat 
shields so that exposure to operating temperatures will not cause 
wheels to lock or move with difficulty. 

Portable gas equipment designed to be moved with lift trucks 
should be equipped with bumper guards to prevent damage from 
normal impact by the truck. 

Portable gas equipment intended for placement and operation 
above floor level (such as hand torches, counter appliances, 
etc.) shall be securely supported. 


3.4 Connection to Building Gas Piping 


3.4.1 Rigid and Semi-Rigid Connectors. 

3.4.1.1 Gas equipment, except equipment which requires mo- 
bility for operation, equipment subject to vibration, or equipment 
used in more than one location, shall be connected to the build- 
ing gas piping system with rigid piping of proper size and ma- 
terial. 

When installation conditions require, minimum lengths of semi- 
rigid piping may be used. Refer to Sections 2.4 and 2.5 for 
proper pipe size and materials. 

3.4.1.2 Connections to building gas piping should be made 
at the top or sides of horizontal lines. 

3.4.1.3 All connections shall be protected from physical or 
thermal damage. 

3.4.2 Flexible Connections 

3.4.2.1 General. Where flexible connections are used, they shall 
be of the minimum practical length and shall not extend from 
one room to another nor pass through any walls, partitions, ceil- 
ings, or floors. Flexible connections shall not be used in any 
concealed location. They shall be protected against physical or 
thermal damage and shall be provided with gas shut-off valves, 
in readily accessible locations, in the rigid piping upstream from 
the flexible connections. 

3.4.2.2 Flexible Connectors — All Metal. Gas equipment re- 
quiring mobility for operation or subject to vibrations may be 
connected to the building piping system by the use of all metal 
flexible connectors suitable for the service required. 

3.4.2.3 Swivel Joints or Couplings. Gas equipment requiring 
mobility may be connected to the rigid piping by the use of 
swivel joints or couplings which are suitable for the service re- 
quired. Where swivel joints or couplings are used, only the mini- 
mum number required shall be installed. 

3.4.2.4 Flexible Hose — Not All Metal. Portable gas equip- 
ment may be connected to the building gas piping system by the 
use of flexible hose suitable and safe for the conditions under 
which it may be used. 

Hose used to connect oxy-gas torches shall comply with the 
requirements of NFPA-NBFU Pamphlet No. 51-1956, Section 36. 


3.5 Air Requirements 


The air requirements of the gas equipment to be installed and 
the air supply in the building in which the equipment is to be 
installed shall be checked to determine that sufficient air is av ail- 
able. If normal air infiltration is inadequate, sufficient new. oF 
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INDUSTRIAL 


SILENCERS 
(SNUBBERS) 


Burgess-Manning Snubbers (Silencers) 
prevent noise caused by the exhaust of 
internal combustion engines, rotary blow- 
ers, vacuum pumps, and the intake of 
reciprocating compressors and similar 
equipment. For existing equipment, we 
usually make recommendations based 
upon past experience; for excessive noise, 
or a unique noise problem, we can run a 
sound level survey and analysis, then 
recommend either a standard or special- 
design silencer. Typical applications 
include flue gas silencers for catalytic 
cracking units, catalyst ejector silencers, 
intake silencers for air compressor appli- 
cations, discharge (vent) silencers for 
by-pass during cat-cracker start-up, engine 
intake and exhaust snubbers and silencers, 
intake silencers (and filters) for gas tur- 
bines, and silencers and snubbers for 
rotary compressors and blowers. Units are 
available for commercial, standard, and 
optimum silencing requirements in sizes 
from %4” to 96” connections. Burgess- 
Manning Snubbers are built like pressure 
vessels, constructed of heavy gauge pressed 
and rolled steel, and welded throughout 
for maximum strength without excessive 
weight. Write for bulletins containing full 
technical data, sizes, and illustrations. 
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DESIGN—Silencing is achieved as 
the exhaust or intake slug passes 
through a series of non-reactive ported 
tubes and snubbing chambers. Noise 
is actually prevented—not muffled. 
Same principle applies to pulsation snub- 
bers within a pressure piping system. 
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PULSATION 
SNUBBERS 


scientifically engineered to reduce 
damaging vibration caused by surge and 
pulsation of the flow stream from com- 
pressors, pumps, or blowers. Snubbers 
are recommended and designed upon the 
basis of compressor and operating data 
obtained by our field engineering repre- 
sentatives. When necessary, our specialists 
conduct on-location pulsation surveys, 
using special electronic equipment devel- 
oped for our particular engineering 
approach to pulsation control. Data on 
the pulsation amplitude and observation 
of pipe vibration are compiled and 
analyzed, and presented in a technical 
report with recommendations on the type 
of snubber required. (Typical reports are 
available upon request.) Pulsation snub- 
bers are usually recommended for instal- 
lation at the suction and discharge side 
of each stage of compression, close- 
coupled to the cylinder. All compressible 
media such as air, gases, nitrogen, ammo- 
nia, etc., can be handled, and snubbers 
can be built to all code requirements. 
Pulsation snubbers have been installed to 
operate with gases from 2.016 to 120 
molecular weight on single- and multi- 
cylinder and multi-stage compressors, 
from full vacuum to 23,000 p.s.i. working 
pressures. We can design units for any 
required working pressures. Applications 
include installation in any closed piping 


system handling air or gas under pressure. 
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INTAKE FILTERS / SNUBBERS (SILENCERS) and COMBINATION UNITS ' 
, 
Burgess-Manning Air Intake Filters reduce maintenance costs Burgess-Manning Intake Snubbers (Silencers) can be designed 
and hold filter efficiency at a high level. Because there are no for in-line installation with the existing filter. Burgess-Manning 4 
moving nor mechanically-driven parts in the filter chamber, will design to a given noise level and specifications, and guar- d 
replacement parts are eliminated. Only the disposable filter antee performance. Where space and piping configuration is a | 
element need be replaced when necessary. All Burgess-Manning _ limiting factor, combination filter-snubbers (silencers) can be 
Filters are of minimum pressure drop design. In existing instal- designed for horizontal or vertical installation to best fit the ? 
lations where intake noise or air-born pulsation is experienced, piping arrangement. ( 
\ 
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EMERGENCY BLOW-DOWN SILENCERS , SILENT TWINS ' 
\ as ; \ 
or safety valves, pop valves, and normal blow-down valves, 4 4 Matched units for remote- or engine-mounted turbochargers 4 
° : » ° ° one . re 4 2 . r ed = 
pecially designed for specific operating conditions and noise ? , provide filtered intake air at minimum pressure drop and d 
vel specifications. The silencer has design features that ? } maximum silencing efficiency on intake and exhaust of the 
er both high- and low-frequency a. attenuation, = system. Available for vertical or horizontal installation, with § 
yntinuous 2rmitte 2ration. > pressure vesse i NaS 
ee - # nie 4 § a petrolatum-treated hogshair filter, for light dust load areas, , 
struction is ideally suited to extremely high-pressure gas { 4 ok 0 eemelal dele seated dee eens conn, ( 
r steam discharged to atmosphere, such as in steam genera- ae pelibccliokanee ees — eprreslincetote~eb ean ee, ee 
r stations, petrochemical plants, refineries, and compressor } 4 COMpact panel, Is easily installed and removed through 
ition emergency blow-down systems. \ large access doors. Available in standard and special models. 4 
- \ 
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, © 1960 Burgess-Manning Co. e Ptg. in U.S.A. 
SPECIFICATIONS 
Iwing to limited space, it is impracticable to list herein the wide range of available types and sizes of our full line of 
ilencers, pulsation snubbers, and special units. However we shall be glad to furnish complete details without obligation 
you will contact our general offices in Dallas, or we shall be glad to have one of our sales engineering representatives 
available world-wide) call upon you either at your office or at a plant or field location. Your inquiry is welcomed. 
ISTRICT SALES OFFICES: NEW YORK BR 9-9418. LIBERTYVILLE EM 2-1800 (CHICAGO BR 4-5901). DALLAS FL 7-1525. LOS ALAMITOS GE 1-7384. 
uJ T . 
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make-up air shall be supplied to prevent any possibility of creat- 
ing a partial vacuum in the building. Suitable precautions should 
be taken to assure that the air supply will be clean. When neces- 
sary, make-up air should be heated. (See 3.6.1.1.) 

3.5.1 Combustion. Complete combustion of gas requires ap- 
proximately one cubic foot of air, at standard conditions, per 
100 Btu of fuel burned, but additional air for proper burner 
operation (atmospheric burner) may be required. 

In the case of unusually tight construction, the building space 
in which gas equipment is installed may not have adequate air 
infiltration to assure proper combustion. One or more permanent 
openings to the out-of-doors or to spaces freely communicating 
to the out-of-doors are required. Such openings shall have a 
minimum aréa of | sq in. for every 2500 Btu per hr for equip- 
ment with draft hoods. For other equipment an opening or 
openings having a minimum area of 0.5 sq ft per 1,000,000 Btu 
per hr should be provided. 

3.5.2 Process Air. Process air may be required for: 

Cooling equipment or material, 
Controlling dew point, 

Heating, drying, oxidation, or dilution, 
Safety exhaust, 

Draft hood operation, 

Odor control, and 

Compressors. 

3.5.3 Ventilation. Air requirements for ventilation include all 
air required for comfort and proper working conditions for per- 
sonnel. 


3.6 Venting 


Venting, for the purposes of this standard, is defined as re- 
moval of combustion products as well as noxious or toxic process 
fumes to the outer air by means of roof openings, natural draft 
chimneys, flue stacks, or mechanical exhaust systems. 

Responsibility for the proper venting of industrial types of 
gas-burning equipment shall rest with the person or agency 
making and/or authorizing the installation. Local applicable air 
pollution regulations shall be followed. 

3.6.1 Requirements for Venting. Venting systems shall con- 
form to the following specific requirements and to those of the 
authority having jurisdiction. Hoods may be used in place of 
direct flue connections, particularly when the process itself re- 
quires fume disposal. 

3.6.1.1 Removal of Products of Combustion. When located in 
a large and well ventilated space, industrial gas equipment may 
be operated by discharging the products of combustion directly 
into the space, subject to the approval of the authority having 
jurisdiction, provided that the maximum input of the equipment 
shall not exceed 30 Btu per hr for each cu ft of enclosed space 
in which the equipment is located. Residential and commercial 
gas appliances installed in office, laboratory, cafeteria spaces. 
and related portions of industrial occupancies shall be vented in 
accordance with Part V of ASA Z21.30-1954. 

3.6.1.2 Removal of Gases Other than Products of Combustion. 
Where toxic, corrosive, or flammable process fumes are present 
suitable means for their safe disposal must be provided. Such 
fumes include carbon monoxide, hydrogen, sulfide, ammonia, 
chlorine, cyanide, lead, carbon tetrachloride, zinc, and beryllium. 

3.6.2 Draft Control for Vent Connected Gas Equipment 

3.6.2.1 Draft Hoods. Draft hoods of approved types shall be 
installed on vented gas equipment, except incinerators, units de- 
signed for blast or pressure burners, units designed for forced 
venting, and units requiring chimney draft for operation. See 
ASA Z21.30-1954 for approved types of draft hoods. 

3.6.2.1.1 Installation of Draft Hoods. Where the draft hood is 
part of the gas equipment or is supplied by the equipment manu- 
facturer, it shall be installed without alteration in accordance 
with the manufacturer’s instructions. In the absence of manufac- 
turer’s instructions, the draft hood shall be attached to the flue 
collar of the equipment or as near to the equipment as conditions 
permit. In no case shall a draft hood be installed in a false ceil- 
ing, in a different room, or in any place or manner that will 
permit a difference in pressure between the draft hood relief 
opening and the combustion air supply. 

3.6.2.1.2 Position of Draft Hood. A draft hood shall be in- 
stalled in the position for which it was designed with reference to 
the horizontal and vertical planes and shall be so located that 
the relief opening is not obstructed by any part of the gas equip- 
ment or adjacent construction. 
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3.6.2.2 Barometric Draft Regulators. Flue connected gas equip 
ment requiring controlled chimney draft may be equipped witli 
a suitable barometric type draft regulator. To relieve occasiona 
back draft, double acting barometric draft regulators are usuall 
preferred. A device which will automatically shut off the gas t 
the burner in the event of sustained back draft is recommended 
when it might adversely affect burner operation or when flue ga 
spillage might introduce a hazard. 

3.6.2.3 Automatic Damper Regulators. Automatic dampe 
regulators shall be interlocked with gas burner control system 
to prevent hazardous operation in event of mechanical failure 

3.6.2.4 Manual Stack Dampers in Converted Equipment. Whe: 
equipment is converted from other fuels to gas, manual stac!} 
dampers shall be fixed to prevent change in position and pro 
vided with a minimum opening or position to assure adequat 
venting of combustion products. 

3.6.2.5 Installation of Draft Control Devices. Where a draft 
control device is part of the gas equipment or is supplied by the 
equipment manufacturer, it shall be installed without alteration 
in accordance with the manufacturer’s instructions. In the absence 
of manufacturer’s instructions, the device shall be attached to 
the flue collar of the equipment or as near to the equipment as 
conditions permit. In no case shall a draft control device be 
installed in a false ceiling, in a different room, or in any place 
or manner that will permit a difference in pressure between the 
draft relief opening and the combustion air supply. 

A draft control device shall be installed in the position for 
which it was designed with reference to the horizontal and vertical 
planes and shall be located so that the relief opening is not ob- 
structed by any part of the gas equipment or adjacent construction. 

Where mechanical exhausters or induced or forced draft devices 
are used, provision shall be made to prevent flow of gas to the 
burners upon failure of these devices. 

3.6.3 Vent Connectors (Flue Connectors or Breechings) 

3.6.3.1 Vent connectors shall be non-combustible and capable 
of withstanding flue gas temperatures as well as having sufficient 
strength to withstand physical damage likely to occur under the 
conditions of use. Vent connectors shall be securely supported. 

3.6.3.2 Vent connectors shall not pass through walls or par- 
titions constructed of combustible materials unless guarded at 
those points by ventilated metal thimbles, or suitable insulation 
and clearances, to keep surface temperatures of exposed combus- 
tible material below 160 F. 

3.6.3.3 The vent connector should generally be the size of the 
flue collar or the size of the outlet of the draft hood. Where there 
is more than one flue outlet from one gas burning device the 
area of the connector should equal the combined areas of the 
outlets unless otherwise specified by the manufacturer. 

Where separate gas equipment is served by a common vent 
the area of the connector should equal the combined area of the 
flue outlets which it serves. 

3.6.4 Chimneys, Flues, and Stacks. Since industrial and com- 
mercial gas equipment covers a wide variety of sizes, tempera- 
tures, draft requirements and locations, no standard design speci- 
fications can be given for chimneys, flues, and stacks to properly 
dispose of products of combustion, except as provided in 3.6.1.1. 
The person or agency making and/or authorizing the installation 
should utilize the suggestions of equipment manufacturers and 
fuel engineers to obtain the most suitable chimney or flue design 
to satisfy the requirements of the particular installation. 


3.7 Initial Operation 


Under this caption appear suggested procedures to be followed 
in connection with initial operation of gas equipment, necessary 
adjustments, development of operating instructions, instruction 
of the operator in the safe and satisfactory use of the equipment, 
and required acceptance tests. 

3.7.1 Agency Selected for Starting Up 

3.7.1.1 The task of carrying out initial start-up, adjustments, 
and acceptance tests should be assigned by the person or 
agency authorizing the installation before any of these pro- 
cedures take place. It should be assigned to a single responsible 
agency or person, hereafter called the “PRIMARY AGENCY.” 

Full agreement concerning these procedures and methods 

should be reached in advance. (See Section 3.2.) 

3.7.1.2 If a number of agencies has participated in the in- 
stallation, primary authority should be assigned to the FRI- 

MARY AGENCY. Other agencies involved in supplying or 
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The cost of a pipe clamp 


is a Small Fraction of the cost That’s why...when 


you buy pipe clamps... 





of an Excavation! 





IT’S MORE IMPORTANT 









TO COMPARE QUALITY 











THAN IT IS TO 


COMPARE PRICE! 


it's false economy to save 
nickels and dimes buying pipe 
clamps that may not function 
properly and may have 

to be dug up and replaced 

after a few months. 


It's true economy 

to demand GENUINE Adams 
clamps that will OUTLAST 

the pipe in normal service! In 
fact, only Adams pipe repair 
clamps can offer you all 

these money-saving advantages: 
* Fast, Easy Installation 

- Pressure-Tight Seal 

* Longest Life... by Far 

* Highest Quality Materials 

- Precision Construction 

* Design Leadership .. . No Other 
Company is So Experienced! 

* Low First Cost 

in Comparison to Results 


Write Today for 
literature and prices 


I'he oldest manufacturer Pi P E R E PAI oe PRO a ua CTs 


of stainless steel band-type 2453 Merced Ave., P.O. Box 3367, South El Monte, California 
pipe repair clamps. 
Sales Office and Warehouse: Columbia, Pennsylvania 
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, installing gas equipment should act under the supervision of 
the PRIMARY AGENCY. 

3.7.1.3 Specified procedures should be performed by com- 
petent, qualified personnel. 

3.7.2 New Gas Equipment Procedure. Before initially placing 
the gas equipment in operation, the PRIMARY AGENCY shall 
determine by physical check that all protective devices are con- 
nected and operative, the installation is in all respects capable of 
safe operation, ihe equipment has been purged in accordance 
with manufacturer’s instructions, and that all interested persons 
have been notified. For satisfactory operation all mechanical and 
electrical devices should be checked at this time and determined to 
be operative. 

3.7.2.1 Start-Up. Initial start-up should be conducted with 
full regard for special design features of the gas equipment, 
manufacturer’s instructions, and applicable safety requirements. 

Unless purge cycle is provided, furnace or oven loading doors 

shall be opened before ignition is applied. 

3.7.2.2 Operation. Installed protective devices shall, and 
other instruments and controls should, be checked under operat- 
ing conditions as promptly as possible to determine that they 
are operating properly. Gas equipment shall be shut-down 
immediately if any defect is noted during initial start-up or 
operation. Defects shall be corrected before the equipment is 
again started up. 

In shutting down equipment, manufacturer’s instructions and 
applicable safety requirements shall be followed. 

3.7.2.3 Adjustments. Adjustments to burners, pilots, ignition 
devices, protective devices, and controls should be made by, 
or under the supervision of the PRIMARY AGENCY, in ac- 
cordance with manufacturer’s instructions and applicable safety 
requirements. 

3.7.3 Operating Instructions. Operating instructions should be 
supplied by gas equipment manufacturers covering equipment 
furnished by them. The PRIMARY AGENCY should assemble 
these instructions, develop any modifications found to be neces- 
sary, deliver them to the user, and instruct the operator in their 
use in order to insure safe and satisfactory operation of the 
equipment. 

3.7.4 Acceptance Tests. The PRIMARY AGENCY should 
conduct acceptance tests if necessary to establish compliance with 
applicable codes or requirements of authorities having jurisdiction. 

Upon proper notice by the PRIMARY AGENCY or the person 
authorizing the installation, the code or other jurisdictional author- 
ities should promptly witness and state their findings as related to 
required acceptance tests. 

3.7.5 Operating Personnel. An essential factor in securing 
satisfactory operation is the use of competent, well trained per- 
sonnel to start up: To light; to adjust burners, mixers, fans, 
blowers, temperature controls, and protective devices; and to 
shut down. 








3.8 Gas Equipment Maintenance 


These suggestions are prepared for maintenance of gas equip 
ment. Special types of furnaces demand special attention. A pre 
ventive maintenance program should be established and followed 

This program should include adherence to manufacturer: 
recommendations. In this program a minimum maintenanc 
schedule should include inspection and action on the recom 
mendations given in the following paragraphs. An adequat 
supply of repair parts should be maintained at all times. 

3.8.1 Burners and Pilots. Burners and pilots should be kep 
clean and in proper operating condition. 

Burner refractory parts should be examined at frequent regul: 
intervals to be sure they are in good condition. 

3.8.2 Flame Safeguard Equipment. When automatic flame 
safeguards are used a complete shut-down and restart should be 
made at frequent regular intervals to check the components for 
proper operation. 

3.8.3 Other Safeguard Equipment 

3.8.3.1 Accessory safeguard equipment such as manual reset 
valves with pressure or vacuum switches, high temperature limit 
switches, draft controls, shut-off valves, airflow switches, door 
switches, gas valves, etc., should be operated at regular intervals 
to insure proper functioning. If inoperative, they should be re- 
paired or replaced. 

3.8.3.2 When fire checks are installed in gas-air mixture piping 
to prevent flashbacks from traveling further upstream, the pres- 
sure loss across the fire checks should be measured at regular 
intervals. When excessive pressure loss is found, screens should 
be removed and cleaned. Water type backfire checks should be 
inspected and liquid level maintained. 

3.8.3.3 All safety shut-off valves should be checked for leakage 
and proper operation at regular intervals. 

3.8.4 Auxiliary Devices. Proper maintenance of auxiliary de- 
vices is a necessary part of the gas equipment maintenance. Main- 
tenance instructions as supplied by the manufacturers of these 
devices should be followed. 

Gas combustion equipment, including blowers, mechanical 
mixers, control valves, temperature control instruments, air valves, 
and air filters, should be kept clean and should be examined at 
regular intervals. Necessary repairs and replacements should be 
made promptly. 

3.8.5: Regulators and Zero Governors. Regulator and zero 
governor vents and impulse or control piping and tubing should 
be kept clear. Improperly operating regulator valves should be 
cleaned, repaired, or replaced. 

3.8.6 Piping. Proper maintenance of the gas piping system is 
a necessary part of the gas equipment maintenance. It is recom- 
mended that gas piping be inspected and tested for leakage at 
regular intervals in accordance with provisions in 2.10.3. 

Air piping should be kept clean to prevent accumulation of dust, 
lint, and grease in air jets and valves. 





EDITOR’S NOTE: This section was prepared from Information 
Letter No. 44, issued in 1951, by the AGA Industrial Gas Prac- 
tices Committee, and was prepared by D. A. Campbell, Eclipse 
Fuel Engineering Company, Rockford, Illinois. 

Gas engineers in different localities differ in their interpreta- 
tion of terms applied to gas combustion systems and equipment. 

The purpose of this Jnformation Letter is to establish standard 
names for gas combustion systems, mixers, and burners. 

It is hoped the terms and definitions will be accepted and used 
by the industry in all future bulletins, codes, and specifications. 

As new methods of mixing gas and air for combustion are de- 
veloped or processes of combustion are discovered, the accepted 
terms describing them should be added through revisions of this 
list. 
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Gas-Air Proportioning and Mixing Systems 
for Combustion 


1. Low Pressure Gas or “Atmospheric” System (gas pressure 
less than % psig or 14-in. water column). A system using 
the momentum of a jet of low pressure gas to entrain from 
the atmosphere a portion of the air required for combustion. 
High Pressure Gas System (gas pressure 2 psig or higher). 
A system using the momentum of a jet of high pressure gas 
to entrain from the atmosphere all, or nearly all, of the alt 
required for combustion. 

Low Pressure Air System (air pressure up to 5 psig). A sys 
tem using the momentum of a jet of low pressure air 10 
entrain gas to produce a combustible mixture. 
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safely than ever before with these new Dresser® 
STAB-CLAD Couplings. 


Save the time of on-the-job coupling assem- 
bly — for STAB-CLAD is a one-piece unit! When 
you stab in the pipe ends and tighten the bolts 
you immediately have a finished, permanent con- 
nection that is already coated and protected. 
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High Pressure Air System (air pressure 5 psig or higher). A 
system using the momentum of a jet of high pressure air 
to entrain gas, or air and gas, to produce a combustible 
mixture. 


Suction System. A system applying suction to a combustion 
chamber to draw in the air and/or gas necessary to produce 
the desired combustible mixture. 


Two Valve System. A system using separate control of air 
and gas both of which are under pressure. The valves, con- 
trolling the air and gas flows, may or may not be interlocked. 


Mechanical System. A system which proportions air and gas 
and mechanically compresses the mixture for combustion 
purposes. A central mixing unit may be used or individual 
appliances may each have its own mixer. 


Mixers and Mixing Devices 


Mixer, General: A device for mixing gas and air in any de- 
sired proportions. 


Manual Mixer: A mixer that requires manual adjustments to 
maintain the desired air/gas ratio as rates of flow are 
changed. 


Automatic Mixer: A mixer that automatically maintains 
within its rated capacity a substantially constant air/gas 
ratio at varying rates of flow. All types defined below can be 
designed to fit this classification. 


Gas Jet Mixer: A mixer using the kinetic energy of a jet of 
gas issuing from an orifice to entrain all or part of the air 
required for combustion. Commonly used names of Gas Jet 
Mixers include: /njector, Lojector, Venturi Mixer, Two Stage 
Mixer, Inspirator, Hijector, Tube Mixer, Atmospheric Mixer 
and Bunsen Mixer. 


Air Jet Mixer: A mixer using the kinetic energy of a stream 
of air issuing from an orifice to entrain the gas required for 
combustion. In some cases this type of mixer may be designed 
to entrain some of the air for combustion as well as the 
gas. Commonly used names of Air Jet Mixers include: Low 
Pressure Inspirators, Aspirators, Flomixers, Mixjectors, Mix- 
ing Tees, Low Pressure Proportional Mixers, Vari Flame. 


Mechanical Mixer: A mixer using mechanical means to mix 
gas and air, neglecting entirely any kinetic energy in the gas 
and air, and compress the resultant mixture to a pressure 
suitable for delivery to its point of use. Mixers in this group 
utilize either a centrifugal fan or some other type of mechani- 
cal compressor with a proportioning device on its intake 
through which gas and air are drawn by the fan or com- 
pressor suction. The proportioning device may be auto- 
matic or require manual adjustment to maintain the desired 
air/gas ratio as rates of flow are changed. Names of Mechani- 
cal Mixers include: Fan Mix, Industrial Carburetor, PreMix, 
Fantype Mixer, Combustion Controller, and Diluter. 


Burners 


Burner, General: A device for the final release of air/gas, 
or oxygen/gas mixtures, or air and gas separately into the 
combustion zone. 

Industrial Gas Burners may be classed as atmospheric burn- 
ers and blast or pressure burners. 

Atmospheric Burner: A burner used in the Low Pressure 
Gas or “Atmospheric” system which required secondary air 
for complete combustion. 

Blast Burner: A burner delivering a combustible mixture 
under pressure, normally above 0.3-in. we to the combustion 
zone. 


Pressure Burner: Same as Blast Burner. 


Single Port Burner: A burner having only one discharge 
opening or port. 


Multiport Burner: A burner having two or more separate 
discharge openings or ports. These ports may be either flush 
or raised. 


Line Burner: A burner whose flame is a continuous “line” 


from one end to the other. Normally applied to a blast 
burner. 


Pipe Burner: General term covering any type of atmospheric 
or blast burner made in the form of a tube or pipe with ports 
or tips spaced over its length. 


Ribbon Burner: A burner having many small closely spaced 
ports usually made up by pressing corrugated metal ribbons 
in a slot or other shaped opening. 


Open Port Burner: Any type of burner that fires across a gap 
into an opening in the furnace or combustion chamber wall 
and is not sealed into the wall. Burners of this type include: 
Torch Burners, Tile Burners, Box Burners, Ventite Burners, 
Burmix Burners. 


Tunnel Burner: A burner sealed in the furnace wall in which 
combustion takes place mostly in a refractory tunnel or 
tuyere which is really part of the burner. Common names 
for Tunnel Burners include: Walltite Burners, Impact Burn- 
ers, Hyperblo Burners, Pyronic Burners, Refrak, Tunnel, 


Flame Retaining Nozzle: Any burner nozzle with built-in 
features to hold the flame at high mixture pressures. Names 
of Flame Retaining Nozzles include: Sticktites, Ferrofix, 
Staylites, F. R. Nozzles. 

Blast Tip: A small metallic or ceramic burner nozzle so 
made that flames will not blow away from it, even with high 
mixture pressures. 


Nozzle Mixing Burner: A burner in which the gas and air 
are kept separate until discharged from the burner into the 
combustion chamber or tunnel. Generally used with low 
pressure gas (up to 2 psig or 14-in. wc) and low pressure air 
(up to 5 psig). 

Proportional Mixing Burner: An assembly which incorpo- 
rates an automatic mixer and a burner as an integral unit. 
Trade names include: L. P. Velocity, H. P. Velocity, Wall- 
tite. 


Radiant Burner: A burner designed to transfer a significant 
part of the combustion heat in the form of radiation from 
surfaces of various shapes which are usually of refractory 
material. Trade names include: Red Ray, Duradiant, Bur- 
dette. 


Luminous Flame Burner: A burner which discharges non- 
turbulent parallel strata of air and gas to produce an extended 
flame of high luminosity. 


Ring Burner: There are two types — 

(a) A form of atmospheric burner made with one or more 
concentric rings. 

(b) A form of burner used in firing boilers consisting of a 
perforated vertical gas ring with air admitted generally 
through the center of the ring. Combustion air may be 
supplied by natural, induced, or forced draft. 


Multijet Burner: A form of burner which generally consists 
of gas manifolds with a large number of jets arranged to 
fire horizontally through openings in a vertical refractory 
plate. These openings are of various shapes — round, square, 
clover-leafed, etc. Combustion air may be supplied by na- 
tural, induced or forced draft. Complete assemblies com- 
bining burner, refractory plate, wind box, blower and con- 
trols are generally known as Forced Draft Boiler Burners. 
Trade names include: Lo-Blast, Fan Mix, Flame King, Gas 
Pak. 


Enclosed Combustion Burner: A burner which confines the 
combustion in a small chamber or miniature furnace and 
only the high temperature completely combused gases, in 
the form of high velocity jets or streams, are used for heat- 
ing. Trade names include: Superheat, Zigzag. 

Diaphragm Burner: A burner which utilizes a porous refrac- 
tory diaphragm as the port so that the combustion takes 
place over the entire area of this refractory diaphragm. 
Gas-Oil Burner: A burner designed to burn gas and oil 
simultaneously. 


Dual Fuel Burner: A burner designed to burn either gas oF 
oil, but not both together. 


Combination Gas and Oil Burner: A burner which can burn 
either gas or oil or both together. 
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Naugatuck KRALASTIC 


Underground corrosion 





but KRALASTIC ABS pipe can't corrode 


it can‘t rust or rot—is free from electrolytic action —impervi- 

ous to water and the usual soil elements—highly resistant to 

most chemicals. Pipe made of KRALASTIC”, the original ABS 

rubber-resin, never needs coating, lining or anode protection. 
What's more, amazingly tough KRALASTIC pipe gives a 

host of other advantages over conventional pipe materials. 

® KRALASTIC pipe is extremely lightweight—needs no heavy 
handiing equipment or costly bedding. 

® It can be snaked through many existing lines—eliminates 
much time- and money-wasting ditching. 

* lt offers extremely low internal friction—will not accumu- 
ate scale. 

®* It can be quickly and easily solvent welded —with just the 
stroke of a brush. Or it may be threaded and used with 


threaded fittings. 
® KRALASTIC has outstanding impact strength—even at arctic 

temperatures. 

In short, KRALASTIC is a noncorroding pipe material with a 
combination of properties no other pipe material can match. 

Proof of KRALASTIC pipe performance ? More than 9,000 
miles of KRALASTIC pipe have been specified, installed and 
are now in trouble-free service carrying potable water, 
brine, gas, a wide variety of chemicals and even electrical 
wire and cable. KRALASTIC pipe has been approved by the 
National Sanitation Foundation and is already accepted in 
many local plumbing codes. 

Better look into KRALASTIC, the original ABS, today. Sim- 
ply write on your letterhead to the address below. 


*Estimate of the National Bureau of Standards 


United States Rubber 


Naugatuck Chemical Division 


852-K ELM STREET 
NAUGATUCK, CONNECTICUT 





RUBBER 





KRALASTIC RUBBER-RESINS @© MARVINOL VINYLS @ VIBRIN POLYESTERS 


n - Boston - Chicago - Gastonia - Los Angeles - Memphis - New York - Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y. 
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EDITOR’S NOTE: This section is ex- 1959. It is reproduced here by permis- PART | 
tracted from ASA Z21.30-1959, Ameri- sion of A.G.A. This extract contains 
can Standard for the Installation of only sections 1 and 2, plus Appendix A 


Gas Appliances and Gas Piping, spon- a , 1.1. Scope 
sored by the American Gas Associa- (Work on Gas Supply Systems) and = P 


tion and approved by the American Appendix B (Example of Piping Sys- This text represents basic standards 


Standards Association on July 21, tem in Accordance with 2.4.) governing the installation of gas appli- 


ances and gas piping. These standards 
apply only to low pressure (not in excess 
of % psi or 14 in. w. c.) gas piping sys- 
tems extending from the outlet of the 
meter set assembly or the outlet of the 
service regulator when a meter is not 
provided, to the inlet connections of ap- 
pliances, and the installation and opera- 
tion of residential and commercial gas 
appliances supplied through such systems. 
They are intended to cover the design, 
fabrication, installation, tests and opera- 
tion of such systems for fuel gases such 
as natural gas, manufactured gas, undi- 
luted liquefied petroleum gases, liquefied 


REYNOI DS : petroleum gas-air mixtures or mixtures 
of any of these gases. 


They are not intended to cover systems 
or portions of systems supplying equip- 
ment engineered, designed and installed 
for specific manufacturing, production 


processing and power generating applica- 
tions, such as large and high pressure 
VA LV << boilers, melting and treating furnaces, and 
production ovens. For piping in indus- 
trial plants, refer to the ASME Code for 
Pressure Piping, Section 2 of ASA 
YOU CAN RELY ON REYNOLDS B31.1-1955. 


RELIEF VALVES ... safe as a ball 
IN APPLYING THESE STANDARDS, REF- 


ERENCE SHOULD ALSO BE MADE TO THE 
MANUFACTURER’S INSTRUCTIONS, SERVING 


BUY REYNOLDS RELIEF GaAs SUPPLIER REGULATIONS, AND LOCAL 
BUILDING, HEATING, PLUMBING OR OTHER 


VALVES for every over-pressure CopEs IN EFFECT IN THE AREA IN WHICH 


protection need: Mechanical (Pop THE INSTALLATION Is MADE. 


over the centerfield wall! 


Valve Type) Diaphragm-Operated. As used in these standards: 


Mercury Seal. Lever and Weight. The word “approved” means acceptable 
Pilot-Loaded to the authority having jurisdiction. 


The word “piping” refers to all pipe and 
tubing for any purpose, made of any ma- 


WAR/TE FOR FREE CATALOG. terial that is acceptable under these stand- 


fy “%, 
-GEM@ g ards. 


4 MANUFAC 


The word “pipe” refers only to rigid 
rere sh conduit of steel, iron, brass or copper that 


is acceptable under these standards. 
REYNOLDS GAS REGULATOR CO., INC., ANDERSON, INDIANA ec ensnctadiiist sett Maal 
_ rigid tubing of seamless copper, brass, 


A SUBSIDIARY OF“ARKANSAS LOUISIANA GAS COMPANY steel or aluminum that is acceptable uncer 
these standards. 
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.2. Qualified Installing Agency 


Installation and replacement of gas 
piping or gas appliances and repair of 
gas appliances shall be performed only 
by a qualified installing agency. By the 
term “qualified installing agency” is meant 
any individual, firm, corporation, or com- 
pany which either in person or through 
a representative is engaged in and is re- 
sponsible for the installation or replace- 
ment of gas piping on the outlet side of 
the meter, or of the service regulator when 
a meter is not provided, or in the con- 
nection, installation or repair of gas ap- 
pliances who is experienced in such work, 
familiar with all precautions required, 
and has complied with all the require- 
ments of the authority having jurisdiction. 


1.3. General Precautions 


1.3.1. Turn Gas Off: All gas piping or 
gas appliance installation shall be per- 
formed with the gas turned off to eliminate 
hazards from leakage of gas. 


1.3.2. Notification of Interrupted Serv- 
ice: It shall be the duty of the installing 
agency when the gas supply is to be turned 
off, to notify all affected consumers. 


1.3.3. Before Turning Gas Off: Before 
turning off the gas to premises for the 
purpose of installation, repair, replace- 
ment Or maintenance of gas piping or ap- 
pliances, all burners shall be turned off. 
When two or more consumers are served 
from the same supply system, precau- 
tions shall be exercised to assure that 
only service to the proper consumer is 
turned off. 


1.3.4. Checking for Gas Leaks: Soap 
and water solution, or other material ac- 
ceptable for the purpose, shall be used 
in locating gas leakage. Matches, candles, 
flame or other sources of ignition shall 
not be used for this purpose. 


1.3.5. Use of Lights: Artificial illumi- 
nation used in connection with a search 
for gas leakage shall be restricted to elec- 
tric hand flashlights (preferably of the 
safety type) or approved safety lamps. In 
searching for leaks, electric switches 
should not be operated. If electric lights 
are already turned on, they should not 
be turned off. 


1.3.6. Working Alone: An individual 
Shall not work alone in any situation 
where accepted working practice dictates 
that two or more men are necessary to 
perform the work safely. 


1.3.7. Handling of Liquid from Drips: 
Liquid which is removed from a drip in 
existing gas piping shall be handled with 
Proper precautions, and shall not be left 
On the consumer’s premises. 


1.3.8. No Smoking: When working on 
Pip'ng which contains or has contained 
gas smoking shall not be permitted. 


3.9. Handling Flammable Liquids: 
Flammable liquids used by the installer 
sha! be handled with proper precautions 
anc shall not be left within the premises 
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The Hallmark 
of Quality 
Coating and Wrapping 


Standard Pipeprotection Inc. uses the same care in 
coating and wrapping your pipe that quality jewelers 
use in carefully matching their finest strands of ex- 


pensive pearls. 


SPI’s Standard Procedures establish the highest stand- 
ard of quality for pipe protection. Our hallmark on the 


kraft wrapper of your pipe assures you of the best. 


® 


standard pipeprotection inc. 
3000 SOUTH BRENTWOOD BLVD. ST. LOUIS 17, MISSOURI 











line pipe from Lone Star, 


the industry’s ultra-modern 
pipe mill 


Generally called America’s most 
modern steel plant... Lone Star is 
primarily dedicated to supplying Joe 
Roughneck’s API casing, tubing and 
line pipe needs. 
Completely integrated..Lone Star Steel's huge plant is 
located right in the middle of Joe Roughneck’s busy mid- 
continent oil and gas area..so overnight pipe delivery is 
routine. Tough steel and rigid and repeated tests are your 
assurance of API quality in every length. All Lone Star 
pipe is fully normalized, of course. 


Neighbor, wherever you are, specify 
Lone Star and we both get a good deal. 


STEEL 





c Oo M P AN Y 


EXECUTIVE—SALES OFFICES 
W. Mockingbird Lane at Roper * P. O. Box 12226 * Dallas, Texas 
DISTRICT SALES OFFICES 
912 Republic National Bank Building, Dallas, Texas 
Houston, Texas ‘| Midland, Texas | Tulsa, Oklahoma 





from the end of one working day to thc 
beginning of the next. 


1.3.10. Work Interruptions: When in 
terruptions in work occur, the systen 
shall be left in a safe and _ satisfactory 
condition. 


PART Il 
Gas Piping Installation 


2.1. Piping Plan 


It is recommended that before proceec 
ing with the installation of a gas pipin 
system, a piping sketch or plan be pre 
pared showing the proposed location o 
the piping as well as the size of different 
branches. Adequate consideration should 
be given to future demands, and pro\ 
sions made for added gas service. 

Before any final plans or specifications 
ure completed. the serving gas supplier o1 
the authority having jurisdiction should 
be consulted 

When an additional appliance is to be 
served through any present gas piping. 
capacity of the existing piping shall b« 
checked for adequacy. and replaced with 
larger piping if necessary 


2.2. Provision for Meter Location 


fhe meter location shall be such that 
the meter can be easily read and the con 
nections are readily accessible for serv- 
icing. Location. space requirements, di 
mensions. and type of installation shall 
be acceptable to the serving gas supplier. 

Gas piping at multiple meter installa- 
tions shall be plainly marked by a metal 
tag or other permanent means attached 
by the installing agency, designating the 
building or the part of the building being 
supplied 


2.3. Interconnections 


2.3.1. Interconnections Supplying 
Separate Consumers: When two or more 
meters, Or two or more service regulators 
when meters are not provided, are in- 
stalled on the same premis2es and suppl) 
separate consumers, the gas piping sys 
tems shall not be interconnected on the 
outlet side of the meters or service 
regulators. 


2.3.2. Interconnections for Stand-by 
Fuels: When a supplementary gas fo! 
stand-by use is connected downsiream 
from a meter or a service regulator when 
a meter is not provided, a suitable device 
to prevent backflow shall be installed. A 
three-way valve installed to admit the 
stand-by supply and at the same time shut 
off the regular supply may be used for 
this purpose. 


2.4. Size of Piping to Gas 
Appliances 


2.4.1. Size of Supply Piping for G: 
Appliances: Gas piping shall be of st 
size and so installed as to provide a supp 
of gas sufficient to meet the maximum « 
mand without undue loss of pressure 
tween the meter, or service regulat 
when a meter is not provided, and 
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appliance or appliances. The size of gas 
piping depends upon the following fac- 
tors: 


(a) Allowable loss in pressure from 
meter, or service regulator when 
a meter is not provided, to appli- 
ance. 


(b) Maximum gas consumption to be 
provided. 


(c) Length of piping and number of 
fittings. 


(d) Specific gravity of the gas. 
(e) Diversity factor. 


2.4.2. Gas Consumption: The quan- 
tity of gas to be provided at each outlet 
shall be determined, whenever possible. 
directly from the manufacturer’s Btu rat- 
ing of the appliance which will be in- 
stalled. In case the ratings of the appli- 
ances to be installed are not known, Table 
| is given to show the approximate con- 
sumption of average appliances of certain 
types in Btu per hour. 

To obtain the cu ft per hr of gas re- 
quired, divide the total Btu input of all 
appliances by the average Btu heating 
value per cu ft of the gas. The average 
Btu per cu ft of the gas in the area of the 
installation may be obtained from the 
serving gas supplier. 








DID YOU BORROW 
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TABLE | 


Approximate Gas Input for Some 
Common Appliances 


Input 
Btu per hr 
\ pplianee Approx. 
Range, free standing, domestic 65,000 
Built-In Oven or Broiler Unit, domestic 25,000 
Built-In Top Unit, domestic 40,000 
Water Heater, automatic storage—30 to 
40 gal. tank 45,000 
Water Heater, automatic storage—50 7 
gal. tank. . 55,000 
Water Heater, automatic instantaneous 
2 gal. per min 142,800 
Capacity 4 gal. per min 285,000 
6 gal. per min. 428 400 
Water Heater, domestic, circulating 
or side-arm 35,000 
Refrigerator 3,000 
Clothes Dryer, domestic 35,000 


For specific appliances or appliances not shown above, the 
input should be determined from the manufacturer's rating 


2.4.3. Required Gas Piping Size: 

(a) Capacities in cu ft per hr of 0.60 
specific gravity gas for different sizes and 
lengths of pipe are shown in Tables 2A 
and 2B. Table 2A is based upon a pres- 
sure drop of 0.3-in. w. c., whereas Table 
2B is based upon a pressure drop of 0.5- 
in. w. c. In using these tables no allowance 
is necessary for an ordinary number of 
fittings. The serving gas supplier shall 
designate whether Table 2A or Table 2B 
shall be used. 

Capacities of different sizes and lengths 
of semi-rigid tubing in thousands of Btu 
per hr with a pressure drop of 0.5-in. w. c. 
for undiluted liquefied petroleum gases 
are shown in Table 4. In using this Table, 
no allowance is necessary for an ordinary 
number of fittings. 


TABLE 2A 

Maximum Capacity of Pipe in Cubic Feet 

of Gas per Hour 
(Based upon a Pressure Drop of 0.3-In. 
Water Column and 0.6 Specific 

Gravity Gas) 

Length Nominal Iron Pipe Size, Inches 

in 
Feet | % 11% «% «2 2% 3 4 


10 132 278 520 1050 1600 3050 480) 8500 17,500 


20 92 190 350 730 1100 2100 3300 5900 12,000 
30 73 152 285 590 890 1650 2700 4700 9,700 
40 | 63 130 245 500 760 1450 2300 4100 8300 
50 56 115 215 440 670 1270 2000 3600 7,400 
60 | 50 105 195 400 610 1150 1850 3250 6,800 
70 46 96 180 370 560 1050 1700 3000 6,200 
80 43 90 170 350 530 990 1600 2800 5,800 
90 | 40 84 160 320 490 930 1500 2600 5,400 
100 | 38 79 150 305 460 870 1400 2500 5,100 
125 34 72 130 275 410 780 1250 2200 4,500 
150 31 64 120 250 380 710 1130 2000 4,100 
175 28 59110 225 350 650 1050 1850 3,800 
200 26 55 100 210 320 610 9801700 3.590 
TABLE 2B 


Maximum Capacity of Pipe in Cubic Feet 
of Gas per Hour 
(Based upon a Pressure Drop of 0.5-In. 
Water Column and 0.6 Specific 
Gravity Gas) 


Length Nominal Iron Pipe Size, Inches 
in _- 

Feet 4 % 1 «1% 1% 2 2% 3 4 
10 175 360 680 1400 2100 3950 6300 11,00023,090 
20 120 250 465 950 1460 2750 4350 7,700 15,800 
30 97 200 375 770 1180 2200 3520 6,250 12,800 
40 82 170 320 660 990 1900 3000 5,300 10,900 
50 | 73 151 285 580 900 1680 2650 4,750 9,700 
60 | 66 138 260 530 810 1520 2400 4,300 8,800 


70 | 61 125 240 490 750 1400 2250 3,900 8,100 
80 | 57 118 220 460 690 1300 2050 3,700 7,500 


90 53 110 205 430 650 1220 1950 3,450 7,200 
100 50 103 195 400 620 1150 1850 3,250 6,700 
125 44 93 175 360 550 1020 1650 2,950 6,000 


| 
150 | 40 84 160 325 500 950 1500 2.650 5,500 
37 77 145 300 460 850 1370 2,450 5,000 
| 35 72135 280 430 800 1280 2.280 4.600 


INDUSTRIAL USE 
with Square Head 


GENERAL PRODUCTS DIVISION 


HAYS MFG. CO. 


ERIE, PA. 
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(b) Gas piping systems that are to be (c) To determine the size of each sec- 
supplied with gas of a sp gr of 0.70 tion of gas piping in a system within the 


or less, can be sized directly from Tables range of Tables 2A, 2B or 4, proceed 
2A an. 2B unless the authority having as follows: (A sample calculation is pre- 
jurisdiction specifies that a gravity factor sented in Appendix B.) 
be applied. When the sp gr of the gas is : 
greater than 0.70, the gravity factor shall (1) Calculate the gas demand in 
be applied. cu ft per hr of the appliance to be 
Application of the gravity factor con- attached to each piping system out- 
verts the figures given in Table 2A and let. 


2B to capacities with another gas of dif- 
ferent specific gravity. Such application 
is accomplished by multiplying the capac- 
ities given in Tables 2A and 2B by the 
multipliers shown in Table 3. In case the 


(2) Measure the length of piping 
from the gas meter or service regu- 
lator when a meter is not provided, 
to the most remote outlet in the 


‘ : : building. 
exact specific gravity does not appear in 
the Table, choose the next higher value (3) In Table 2A, 2B, or 4, which- 
specific gravity shown. ever is appropriate, select the dis- 


perfex plastics 


Specialists in Materials for 
Replacement Service and 
Leak and Corrosion Prevention 


Everything you need—all from one dependable, ex- 
perienced source. And because Perfex materials are 
held to specifications, because they’re precision- 
engineered with close tolerances, you can be sure of 
lower costs, safer service. If you’ve corrosion prob- 
lems, check Perfex for... 


¢ PIPE—Tenite, Cycolac, P.V.C., Kralastic 

e INSIDE COUPLINGS plus cement and thinner for 
all three types of pipe. 

¢ PROTECTOR SLEEVE scientifically engineered for 
renewal service, securing complete protection be- 


tween old service and fitting at main where inser- 
tion method is used. 


e ADAPTER FITTINGS (patented) enabling you to 
tie in metal and plastic service. 


¢ PERF-A-SEAL #126 —epoxy fiber-filled sealing com- 
pound . . . quick-curing (no heat required to cure). 
This Sealant gives you highest tensile, highest im- 
pact, highest burst strength and maximum cor- 
rosion-resistance. 





VO ro-Vai-> am ol E-t-ti let; 


inc. 








2632 S. DEARBORN ST., CHICAGO 16, ILL. 
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TABLE 3 


Multipliers to Be Used Only With Tabies 


2A and 2B When Applying the 
Gravity Factor 





Specific Specific 


Gravity Multiplier Gravity Multipiier 
35 1.31 1.00 78 
.40 1,23 1.10 74 
45 1.16 1.20 7! 
50 1.10 1.30 6 
55 1.04 1.40 6f 
60 1.00 1.50 6 
65 96 1.60 6 
70 93 1.70 5 
75 90 1.80 5 
80 87 1.90 5f 
85 84 2.00 5 
90 82 2.10 54 
TABLE 4 


Capacity of Semi-Rigid Tubing of Differ- 
ent Outside Diameters and Lengths in 
Thousands of BTU per Hour of Un- 


diluted Liquefied Petroleum Gases 
at a Pressure Drop of 0.50 Inch 
Water Column 


Length of | Outside Diameter (Inches 
Tubing | 
(Feet | % 1 2 5 8 34 % 
10 } 39 92 199 329 501 
20 26 62 131 216 346 
30 21 50 107 181 277 
40 19 41 90 145 233 
50 37 79 131 198 
60 35 72 121 187 
70 31 67 112 164 
80 29 62 104 155 
90 27 59 95 146 
100 26 55 90 138 


tance, or the next longer distance if 
the Table does not give the exact 
length. This is the only distance used 
in determining the size of any sec- 
tion of gas piping. If the gravity fac- 
tor is to be applied, the values in the 
selected column of Table 2A or 2B 
are multiplied by the appropriate 
multiplier from Table 3. 


(4) Use this horizontal line to locate 
ALL gas demand figures for this par- 
ticular system of piping. 


(5) Starting at the most remote out- 
let, find in the horizontal line just 
selected the gas demand for that out- 
let. If the exact figure of demand is 
not shown, choose the next larger 
figure in the horizontal line. 


(6) Above this demand figure, in 
Table 2A, 2B, or 4, will be found 
the correct size of gas piping. 


(7) Proceed in a similar manner 
for each outlet and each section of 
gas piping. For each section of pip- 
ing determine the total gas demand 
supplied by that section. 


(d) For any gas piping system or spe- 
cial gas appliances, or for conditions other 
than those covered by Tables 2A, 2) oF 
4, such as longer runs or greater ga» de- 
mands, the size of each gas piping s)>tem 
may be determined by standard engineer- 
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ing methods acceptable to the authority 
having jurisdiction and the serving gas 
supplier. 


2.4.4. Diversity Factor: The diversity 
factor is an important factor in determin- 
ing the correct gas piping size to be used 
in multiple family dwellings. It is de- 
pendent upon the number and kinds of 
gas appliances being installed. Consult 
the serving gas supplier or the authority 
having jurisdiction for the diversity fac- 
tor to be used. 


2.4.5. Additions to Existing Gas Pip- 
ing: Additions to existing pipe in buildings 
shall conform to Table 2A or 2B, which- 
ever is designated by the serving gas sup- 
plier. Additions to existing tubing in build- 
ings, shall conform to Table 4. Existing 
gas piping shall be replaced by the proper 
size of pipe or tubing where necessary. 
In no case shall additions be made to 
existing pipe in buildings, which is smaller 
than permitted by Table 2A or 2B, or to 
existing iubing in buildings which is 
smaller than permitted by Table 4. 


2.5 Acceptable Piping Materials 


2.5.1. Piping Material for Utility 
Gases: Gas pipe shall be steel wrought- 
iron pipe complying with the American 
Standard for Wrought-Steel and Wrought- 
Iron Pipe, ASA B36.10-1950. Threaded 
copper or brass pipe in iron pipe sizes 
may be used with gases not corrosive to 
such materials. If acceptable to the serv- 
ing gas supplier, piping installed outside 
a building to connect appliances located 
outside a building for use with utility 
gases may be of materials in accordance 
with either 2.5.1 or 2.5.2 with gases not 
corrosive to such material. 

rhe connecting of steel or wrought-iron 
pipe by welding is permissible. Threaded 
pipe fittings (except stopcocks or valves) 
shall be malleable iron or steel when used 
with steel or wrought-iron pipe, and shall 
be copper or brass when used with cop- 
per or brass pipe. When approved by the 
authority having jurisdiction, special fit- 
tings may be used to connect steel or 
wrought-iron pipe. Cast iron fittings in 
sizes 4 in. and larger may be used to 
connect steel or wrought-iron pipe when 
approved by the authority having jurisdic- 
tlor 


2.5.2. Piping Material for Liquified 
Petroleum Gases: Gas piping for use with 
unc ‘uted liquefied petroleum gases shall 
be :.ecel or wrought-iron pipe complying 
with American Standard for Wrought- 
Stee and Wrought-Iron Pipe, ASA 
B36 !0-1950, and brass or copper pipe, or 
Seal’ ess copper, brass, steel or aluminum 
tubir:. All pipe or tubing shall be suitable 
for . working pressure of not less than 
125 si. Copper tubing may be of the 
stan’ rd grade K or L, or equivalent, 
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KERMAC 
strong, corrosion 
resistant outerwrap 


. not only in actual losses of damaged pipe . 
hTTOny. 
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but more important, and certainly more costly, is 











the time and money lost in hunting leaks, excavat- 
permanent, high- 
speed asbestos 
felt 


ing lines, cutting out and replacing bad _ sections, 
backfilling and cleaning up. 


Midwestern products and Midwestern service 





COROMAT 


durable, soil 
stress resistant 
underground wrap 


are aimed at preventing such excessive maintenance. 


Midwestern’s line is selected from the proven leaders 














in the entire field of anti-corrosion products to pro- 
vide protection against any type of above or below 


ground corrosion. “a > " 


rock shield, tough 
flexible protection 





Midwestern’s experienced enginecring and serv- 
ice organization is available to work with you on 
any phase of corrosion prevention. A Midwestern 


Man has the selection of products plus the field 





GLASFAB wm 
ideal handwrap 
for hot spots 
.. . holidays 


training and experience needed to work out the most 
effective, most economical solution to your corro- 
sion problems. Contact one of the nie Midwestern 
offices for fast action on your technical problems 


or product shipments. 


Poluken 


tape coatings 


MIDWESTERN ~~ 


. 


PIPE LINE PRODUCTS CO. 


4645 Southwest Blvd Tulsa, Okla. HI 6-6144 
Cable Address: Mid Pipe 
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having a minimum wall thickness of 
0.032-in. Aluminum tubing shall not be 
used in exterior locations or where it is 
in contact with masonry or plaster walls 
or insulation. 

Piping joints may be screwed, flanged, 
welded, soldered or brazed with a ma- 
terial having a melting point exceeding 
1000 F. Fittings shall be designed for a 
pressure of at least 125 psig. Cast-iron 
fittings shall be prohibited. Joints of seam- 
less copper, brass, steel or nonferrous gas 
tubing shall be made by means of ap- 
proved flared gas tubing fittings, or sol- 
dered or brazed with a material having a 
melting point exceeding 1000 F. Compres- 
sion type tube fittings shall NOT be used. 

2.5.3. Workmanship and Defects. Gas 
pipe or tubing, and fittings shall be clear 
and free from cutting burrs and defects 
in structure or threading and shall be 
thoroughly brushed, and chip and scale 
blown. 

Defects in pipe or tubing or fittings 
shall not be repaired. When defective pipe. 
tubing or fittings are located in a system 
the defective material shall be replaced. 

2.5.4. Pipe Coating: When in contact 
with material exerting a corrosive action. 
piping and fittings coated with a corrosion 
resisting material shall be used. 

2.5.5. Use of Old Piping Material: 
Gas pipe, tubing, fittings, and valves re- 
moved from any existing installation shall 
not be again used until they have been 
thoroughly cleaned, inspected and ascer- 
tained to be equivalent to new material. 

2.5.6. Joint Compounds: Joint com- 
pounds (pipe dope) shall be applied spar- 


© 1960-—U_S. industries, Inc., Azusa, Calif, 





ligh 


t's good business to\ \buy only he 


ingly and only to the male threads of pipe 
joints. Such compounds shall be resistant 
to the action of liquefied petroleum gases. 


2.6. Pipe Threads 


2.6.1. Specifications for Pipe Threads: 
Pipe and fitting threads shall comply with 
the American Standard for Pipe Threads, 
ASA B2.1-1945, American Standard 
Taper Pipe Threads. 

2.6.2. Damaged Threads: Pipe with 
threads which are stripped, chipped, cor- 
roded, or otherwise damaged shall not 
be used. 

2.6.3. Number of Threads: Pipe shall 
be threaded in accordance with Table 5. 


TABLE 5 


Specifications for Threading Pipe 


| Approximate Length | Approximate N« 


Iron Pipe of Threaded Portion | of Threads to b« 

Size (In. Inches : Cut 
| 

2 | % 10 
M4 4 10 
l le 10 
14 1 1] 
lly 1 1] 
- ] 11 
24 | 1} 12 
3 }} | 12 
4 15% 13 


2.7. Concealed Piping in Buildings 

2.7.1. Minimum Size: No gas pipe 
smaller than standard '2-in. iron pipe size 
shall be used in any concealed location 

2.7.2. Piping in Partitions: Concealed 
gas piping should be located in hollow 
rather than solid partitions. Tubing used 





6%” O.D. 


— 


-281 wall 





with undiluted liquefied petroleum gases 
shall not be run inside walls or partition 
unless protected against physical damage 
This rule does not apply to tubing whic! 
passes through walls or partitions. 


2.7.3. Piping in Floors: Gas piping i 
solid floors such as concrete shall be lai: 
in channels in the floor, suitably covere: 
to permit access to the piping with a mini 
mum of damage to the building. 


2.7.4. Connections in Original Insta! 
lations: When installing gas piping whic! 
is to be concealed, unions, tubing, fitting: 
running threads, right and left couplings 
bushings, and swing joints made by comb 
nations of fittings shall not be used. 


2.7.5. Reconnections: When necessai 


to insert fittings in gas pipe which has 


been installed in a concealed location, th« 
pipe may be reconnected by use of 
ground joint union with the nut center 
punched to prevent loosening by vibra 
tion. Reconnection of tubing in a cor 
cealed location is prohibited. 


2.8. Piping Underground 


2.8.1. 
Gas piping in contact with earth or other 
material which may corrode the piping 
shall be protected against corrosion in a1 
approved manner. Piping shall not be lai 
in contact with cinders. 

Underground piping for manutacturec 
gas shall be one size larger than that spe 
cified by Table 2A or Table 2B as desig 
nated by the serving gas supplier, but 1 
no case less than 1%4-in 
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Protection Against Corrosion: 
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2.8.2. Piping Through Foundation 2.9.2. Gas Piping to Be Graded: All 
Vall: Underground gas piping, when in- gas piping shall be graded not less than 








talled below grade through the outer ¥4-in. in 15 ft to prevent traps. All hori- 
Foundation or basement wall of a build- zontal lines shall grade to risers and from 

ng, shal! be either encased in a sleeve or the risers to the meter, or to service regu- | 
bherwise protected against corrosion. The to the appliance. 

iping or Sleeve shall be sealed at the 2.9.3. Piping Supports: Gas piping in | 
Foundation or basement wall to prevent buildings shall be supported with pipe : 

ntry of gaS Or water. hooks, metal straps, bands or hangers sa : 

2.8.3. Piping Underground Beneath suitable for the size of piping, and of | as ae 

vildings: When installed underground adequate strength and quality, and lo- | ee 

eneath buildings, gas piping shall be cated at proper intervals so that the pip- | As 

neased in a conduit, which conduit shall ing cannot be moved accidentally from | 

bxtend into a normally usable and acces- the installed position. Gas piping shall | 
ible portion of the building and, at the not be supported by other piping. a $365,000 in pipeline ; 
boint where the conduit terminates in the Spacing of supports in gas piping in- : +. ; ee 
uilding, the space between the conduit PP tn shall oa be pt Ng he the cost was saved by specifying and ee 


nd the gas piping shall be sealed to pre- following: ; buying Southern Pipe Lirr-Wa. pipe. 
ent the possible entrance of any leakage. ; (Company name on request.) The job 
Fhe conduit shall extend at least 4-in. out- Size of Pipe Size of Tubing called for a 147-mile, 654” petroleum 
side the building, be vented above grade. manos os Inch O.D Feet products line. Lrre-WaLt pipe cut 

nd be installed in a way as to prohibit zz 4 cost by more than 14. 


he entrance of water. The entire instal- orl 8 ¢ or 3% 


tion Shall be such that the gas piping : | It’s good business to buy only the steel 





an be readily replaced without damage to ck oa . necessary to do the job. In many cases 
he building eC you ts ie pot wall pipe, bares 
, eis vertical ev Southern’s LrrE-WaALL pipe—available 
2.9. Installation of Piping —— ; seg from factory stock—will theet your 
Drips. § ading and protection from 2.9.4. Protect Against Freezing: Gas requirements and afford an ample 
beezine, as provided for in this section piping shall be protected against freezing 
all apply only when other than dry gas temperatures. When piping must be ex- safety factor. 
B distributed and climatic conditions posed to wide ranges or sudden changes 
ake such requirements necessary in temperatures, special care shall be 
2.9.1. Building Structure: The build- taken to prevent stoppages. 
( ny structure shall not be weakened by 2.9.5. Overhanging Rooms: Where 
he installation of any gas piping. Before there are overhanging kitchens or other 
ny beams or joists are cut or notched. rooms built beyond foundation walls, in 
pecial permission should be obtained which gas appliances are installed, care 
rom the authority having jurisdiction. shall be taken to avoid placing the gas 





Southern Pipe red high frequency 
resistance wel in pipe ction. 


Southern Pipe offers oil and gas pipe 
buyers Lire-WALL pipe to cut cost. 
They also produce line pipe according 
to API specifications. Sizes range from 
3” to 14”. Interior and exterior 
coatings are also available. : 


Write for SourTHERN Pirr’s Lire-WaALL 
PACKAGED PIPELINE brochure today. 








necessary, jto do the job- 
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piping where it will be exposed to low 
temperatures. (40 deg F or below for 
manufactured gas) or to extreme changes 
of temperatures. In such cases the gas 
piping shall be brought up inside the 
building proper and run around the sides 
of the room, in the most practical manner. 

2.9.6. Do Not Bend Pipe: Gas pipe 
shall not be bent. Fittings shall be used 
when making turns in gas pipe. 

2.9.7. Provide Drips Where Neces- 
sary: A drip shall be provided at any 
point in the line of pipe where condensate 
may collect. Where condensation is ex- 
cessive, a drip should be provided at the 
outlet of the meter. This drip should be 
so installed as to constitute a trap wherein 
an accumulation of condensate will shut 
off the flow of gas before it will run back 
into the meter. 

2.9.8. Location and Size of Drips: All 
drips shall be installed only in such loca- 
tions that they will be readily accessible 
to permit cleaning or emptying. A drip 
shall not be located where the condensate 
is likely to freeze. The size of any drip 
used shall be determined by the capacity 
and the exposure of the gas piping which 
drains to it and in accordance with recom- 
mendations of the serving gas supplier. 

2.9.9. Use Tee: If dirt or other foreign 
material is a problem, a tee fitting with 
the bottom outlet plugged or capped shall 
be used at the bottom of any pipe riser 
(see Figure 1). 

2.9.10. Avoid Clothes Chutes, etc.: Gas 
piping inside any building shall not be 
run in or through an air duct, clothes 
chute, chimney or gas vent, ventilating 





TEE 


NIPPLE 
CAP 


Fig. 1. Suggested Method of Installing Tee 


duct, dumb waiter, or elevator shaft. 

2.9.11. Cap All Outlets: Each outlet 
including a valve or cock outlet, shall be 
securely closed gas-tight with a threaded 
plug or cap immediately after installation 
and shall be left closed until an appliance 
is connected thereto. Likewise, when an 
appliance is disconnected from an outlet 
and the outlet is not to be used again im- 
mediately, it shall be securely closed gas- 
tight. In no case shall the outlet be closed 
with tin caps, wooden plugs, corks, or by 
other improvised methods. 

2.9.12. Location of Outlets: The un- 
threaded portion of gas piping outlets shall 
extend at least one inch through finished 
ceilings and walls, and when extending 
through floors shall be not less than 2 in. 
above them. The outlet fitting or the pip- 
ing shall be securely fastened. Outlets 
shall not be placed behind doors. Outlets 
shall be far enough from floors, walls and 
ceilings to permit the use of proper wren- 


SPEER 


GAS LINE REPAIRS 


eliTe| 
MAINTENANCE 


REGENT HYDRAULIC 
FLOw-STOP PIPE SQUEEZERS 


Save time and cost on 


write for detailed information 


REGENT 





REGENT JACK MFG. CO. 
11905 Regentview Avenue 
Downey, Calif. © SPruce 3-0103 


e@ Emergency shut-offs 

@ Repairing ruptured service lines and 
mains 

Repair leaks 

Permanently close services 

Trenching operations 

Line up pipe for welding 

REOPEN steel and copper pipe to 2” |. 
sizes, with 15 Ton size. 40 Ton size is 
pines to 3” |. D. 
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ches without straining, bending or dam- 
aging the piping. 

2.9.13. Prohibited Devices: No device 
shall be placed inside the gas piping or 
fittings that will reduce the cross-sectional 
area or Otherwise obstruct the free flow 
of gas. 

2.9.14. Branch Pipe Connection: All 
branch outlet pipes shall be taken from 
the top or sides of horizontal lines and 
not from the bottom. Where a branch 
outlet is placed on a main supply line 
before it is known what size of pipe will 
be connected to it, the outlet shall be of 
the same size as the line which supplies it. 

2.9.15. Electrical Bonding and Ground- 
ing: A gas piping system within a build- 
ing shall be electrically continuous and 
bonded to any grounding electrode, as 
defined by the National Electrical Code, 
NFPA No. 70 (ASA C1-1959). 

Underground gas service piping shall 
not be used as a grounding electrode ex- 
cept when it is electrically continuous un- 
coated metallic piping and its use as a 
grounding electrode is acceptable both to 
the serving gas supplier and to the author- 
ity having jurisdiction, since gas piping 
systems are often constructed with insulat- 
ing bushings or joints, or are of coated 
or nonmetallic piping. 


2.10. Gas Shutoff Valves 


2.10.1. Accessibility of Gas Valves: 
Main gas shut-off valves controlling sev- 
eral gas piping systems shall be placed 
an adequate distance from each other so 
they will be easily accessible for opera- 
tion and shall be installed so as to be 
protected from physical damage. It is 
recommended that they be plainly marked 
with a metal tag attached by the installing 
agency so that the gas piping systems sup- 
plied through them can be readily identi- 
fied. It is advisable to place a shutoff 
valve at every point where safety, con- 
venience of operation, and maintenance 
demands. 

2.10.2. Shutoff Valves for Multiple 
House Lines: In multiple tenant buildings 
supplied through a master meter or one 
service regulator when a meter is not pro- 
vided, or where meters or service regula- 
tors are not readily accessible from the 
appliance location, an individual shutoff 
valve for each apartment or for each sepa- 
rate house line shall be provided at a 
convenient point of general accessibility. 


2.11. Test of Piping for 
Tightness 

Before any system of gas piping is fin- 
ally put in service, it shall be carefully 
tested to assure that it is gas tight. Where 
any part of the system is to be enclosed 
or concealed, this test should precede the 
work of closing in. To test for tightness, 
the p'ping may be filled with the fuel gas, 
air Or inert gas, but not with any other 
gas liquid. OXYGEN SHALL NEVER BE 
USED 

2.1\.1. Test Methods for Piping 
Systeris: 

(a) Before appliances are connected, 
Pipins systems shall stand a pressure of at 
least : in. mercury or 3 psig for a period 
of no: ‘ess than 10 minutes without show- 
Ing 0: . drop in pressure. Pressure shall 
be me. sured with a mercury manometer 
or slo; » gage, or an equivalent device so 
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Protecto Wrap 200 Tape is a coal tar enamel- 
synthetic resin coating in tape form. A film of 
polyvinyl chloride is bonded to the outside of this 
tape. The addition of this group of synthetic 
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a. This PVC backing provides a tough surface for 

ILD nw immediate backfilling and provides an exterior 

“2 that is highly resistant to soil stress so there is 
ant little possibility of soil adhering to it. 





STANDARD TAPE (torch application) 


There are two kinds of Protecto Wrap Standard, 
Torch Applied Tapes: No. 110 Standard Coal Tar 
Tape and No. 120 Standard Asphalt Tape. 


In each case, the base material (coal tar or 
asphalt) is saturated into a glass fabric that acts 
as a carrier and reinforcement. A paper separator 
insures even distribution of the coating as well as 
easy unwinding regardless of the temperature. 
They are used to form protective coatings for field 
joints on mill or yard coated pipe, fittings, coupl- 
ings and other metal surfaces exposed to above 
or below ground corrosion. 











FLOOD COATERS* 


Protecto Wrap Flood Coaters consist of inorganic 
glass fiber impregnated with bituminous pipe coat- 
ings of coal tar or asphalt base, with an asbestos 
felt backing. They are wide enough to include the 
total bare cut-back where the pipe is welded to- 
gether, and long enough to cover the circumfer- 
ence of the pipe, plus an additional length to 
provide over-lap on top of the pipe. 


PATCH PADS 
PROTECTO WRAP ALSO MANUFACTURES: CA 160 MASTIC 


CA 1180 MASTIC 


DISTRIBUTORS OF: CENTRAL PLASTICS: Flange Insulators and Insulated Unions / 
SEAMLESS RUBBER CO.: Polyethylene Tapes / H & M PIPE BEVELING MACHINE CO.: Dollies, 
Line Up Clamps, etc. / THERMOWELD: Thermite Connections for Anodes. 


*U. S. PATENT 
NO. 2,721,823 


NEE & McNULTY, INC. 
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THREE POINT HITCH 


Here’s the new Pow-R-Ditcher 
that hundreds of contractors, 
municipal and utility officials 
have been asking for .. . the rug- 
ged Vermeer Model 3P. Revolu- 
tionary in design, the 3P is in- 
expensive and easy to operate. 
Fits all standard 3-point tractor 
hitches and features an all-new 
hydraulic actuated forward 
travel ratchet device that gives 
full control of digging speed 
from one control lever. Highly 
maneuverable. 
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og 
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IDEAL FOR LAYING GAS PIPE, WATER AND 
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calibrated as to read in increments of not 
greater than 0.1-psi. The source of pres- 
sure shall be isolated before the pressure 
tests are made. 

(b) Systems for undiluted liquefied 
petroleum gases shall stand the pressure 
test in accordance with (a) above, or, 
when appliances are connected to the 
piping system, shall stand a pressure of 
not less than 10-in. w. c. for a period of 
not less than 10 minutes without showing 
any drop in pressure. Pressure shall be 
measured with a water manometer or an 
equivalent device so calibrated as to be 
read in increments of not greater than 
1/10-in. w. c. The source of pressure shall 
be isolated before the pressure tests are 
made. 


2.12. Leakage Check After 
Gas Turn On 


2.12.1. Close All Gas Outlets: Before 
turning gas under pressure into any pip- 
ing, all openings from which gas can 
escape shall be closed. 

2.12.2. Check for Leakage: Immedi- 
ately after turning gas into piping, the 
system shall be checked by one of the 
following methods to ascertain that no 
gas is escaping: 

(a) Checking for Leakage Using the 
Gas Meter: 

Immediately prior to the test it should 
be determined that the meter is in operat- 
ing condition and has not been bypassed. 

Checking for leakage can be done by 
carefully watching the test dial of the 
meter to determine whether gas is pass- 
ing through the meter. To assist in ob- 
serving any movement of the test hand, 
wet a small piece of paper and paste its 
edge directly over the center line of the 
hand as soon as the gas is turned on. 
Allow five minutes for a one-half foot 
dial and proportionally longer for a larger 
dial in checking for gas flow. This obser- 
vation should be made with the test hand 
on the upstroke. 

In case careful observation of the test 
hand for a sufficient length of time re- 
veals no movement, the piping shall be 
purged and a small gas burner turned on 
and lighted and the hand of the test dial 
again observed. If the dial hand moves 
(as it should), it will show that the meter 
is operating properly. If the test hand 
does not move or register flow of gas 
through the meter to the small burner, 
it is certain that the meter is defective and 
the gas should be shut off and the serving 
gas supplier notified. 

(b) Checking for Leakage Not Using 
a Meter: 

This can be done by attaching to an 
appliance orifice a manometer or equiva- 
lent device calibrated so that it can be 
read in increments of 0.1-in. w. c., and 
momentarily turning on the gas supply 
and observing the gaging device for pres- 
sure drop with the gas supply shut off. 
No discernible drop in pressure shall oc- 
cur during a period of 10 minutes. 

(c) When Leakage Is Indicated: 

If the meter test hand moves, or a pres- 
sure drop on the gage is noted, all appli- 
ances or outlets supplied through the 
system shall be examined to see if they 
are shut off and do not leak. If they are 
found tight there is a leak in the piping 
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NYLON 
DIELECTRIC 
BUSHINGS 


Body of bushing is 
completely encased 
by metal when prop- 
erly installed. “Hex” 
is flush with fitting 
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Stop Electrolysis! 





@ Sandwiched between two 
dissimilar metals, Mayco nylon 
dielectric bushings prevent 
metal to metal contact — stop 
electrolytic action ! 

Able to withstand pressures 
in excess of 1000 lbs. and tem- 








peratures over 
300°F, Mayco 
dielectric bush- 
ings gain added 
strength from 








clamping action tans 





of surrounding metal. 

Most sizes also available 
with extra-heavy “Hex” to fa- 
cilitate use of ordinary wrench. 

Couplings and unions also 
available factory equipped with 
Mayco bushings. 


Order Mayco Dielectric Bushings 
from your jobber or write to: 


MAY PRODUCTS, INC 


BOX 427, GALESBURG, ILLINOIS 


Manufacturers of: MAYCO dielectric fittings 
and MAYCO water softeners and filters 
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until the necessary repairs have been 

ade, after which the test specified in (a) 

or (b) shall be repeated. 
2.13. Purging 

2.13.1. Purging All Gas Piping: After 
piping has been checked, all piping re- 
ceiving gas shall be fully purged. A sug- 
gested method for purging the gas piping 
to an appliance is to disconnect the pilot 
piping at the outlet of the pilot valve. 
Under no circumstances shall piping be 
purged into the combustion chamber of 
an appliance. 

2.13.2. Light Pilots: After the gas pip- 
ing has been sufficiently purged, all ap- 
pliances shall be purged and the pilots 
lighted. The installing agency shall assure 
itself that all piping and appliances are 
fully purged before leaving the premises. 


APPENDIX A 
Work on Gas Supply System 


lhis appendix applies only to work on 
gas supply systems ahead of the outlet of 
the meter set assembly, or of the service 
regulator when a meter is not provided. 

Serving Gas Supplier’s Main 

No person, unless in the employ of, or 
having permission from, the serving gas 
supplier, shall open or make connections 
with a gas main. 

Service Gas Piping 

No person, unless in the employ of, or 
having permission from, the serving gas 
supplier, shall repair, alter, open or make 
connections to the service gas piping, or 
do any other work on the parts of the gas 
supply system up to the meter set assem- 
bly or the service regulator when a meter 
is not provided. 
Meter or Service Regulator When 

a Meter is Not Provided 


No person, unless in the employ of or 
having permission from the serving gas 
supplier, shall disconnect the inlet of the 
gas meter or service regulator when a 
meter is not provided, nor move such 
meter or regulator. A gas fitter or plumber 
may disconnect the outlet of such a meter 
or regulator from the house piping only 
when necessary. He shall remake the 
joint at the meter or service regulator out- 
let when a meter is not provided, care- 
fully replacing all insulating fittings or 
insulating parts of such fittings, and shall 
leave the gas turned off at the meter or 
regulator unless the serving gas supplier’s 
rules require or allow deviation from this 
procedure. 

Notify Servicing Gas Supplier 
of Any Repairs Needed 

case any work done by a gas fitter or 
plumber discloses the need for repairs or 
alterations on any part of the gas supply 
SySicm, the serving gas supplier shall be 
notiiied promptly of this fact. 


| 


Notify Servicing Gas Supplier 
of Any Leaks 

|| gas is leaking from any part of the 
as supply system, a gas fitter or plumber 
not in the employ of the serving gas sup- 
plier may make necessary repairs and 
- promptly notify the serving gas sup- 
plic 


system. The gas supply shall be shut off 






















































Sell more “‘tough buyers’’ with Reznor 


NEW 
AUTOMATIC 
VENTER 


lets you install Reznor 
gas-fired unit heaters 
almost anywhere! 


Now, with the Reznor Venter, you can install gas-fired 
Reznor heaters where you couldn’t before—in multi-story 
buildings or structures with hard-to-get-at chimneys! You'll 
save money for your “tough buyers,” and sell more unit 
heaters, too. 





The Venter, available exclusively with Reznor Heaters, is 
a motorized automatic vent exhauster that mounts directly 
on the heater. You simply install a 4-inch diameter vent 
pipe to carry burned gases to a sidewall—or down through 
the floor and out, if you choose. No more costly roof venting 
or big, expensive flues. Heaters operate more efficiently, too, 
especially if the room has an exhaust fan which creates a 
negative pressure. 

There’s a Venter for all Reznor Heaters up to semen 
300,000 Btuh. Ask your representative for Rass 
Catalog SA-5900, with data on all Reznor 

Heaters and the new Venter. Or write Dept. | 
66-W,Reznor Manufacturing Co., Mercer, Pa. 
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APPENDIX B 


Example of Piping System Desig) 
Sized in Accordance with 2.4: 


Determine the required pipe size of 
each section and outlet of the piping sy.- 
tem shown in Exhibit 1, with a desiy. 
nated pressure drop of 0.50-in. w. c. Gas 
to be used has 0.65 specific gravity and 
a heating value of 1000 Btu per cu ft. 


Section Section 





2 + 
tore at toe ty 10 ft 
10 ft 10 ft} / 

/ 





/ 
5 ft, QUT ET I 
Gis Refrigerator 
fl . Soo bee 


Range 
75,000 Btu/Hr. 


Solution: 


(1) Maximum gas demand for outlet A: 
Consumption (rating plate input or 
Table 1 if necessary) divided by Btu 
of gas = cu ft per hr. 


30,000 Btu per hr rating 
1000 Btu per cu ft 





= 30 cu ft per hr 


Maximum gas demand for outlet B: 
Consumption _ 3000 


er poreemede ke 
Btu of gas 1000 cu ft per hr 


Maximum Gas demand for outlet C: 
Consumption _ 75,000 


- a TT ne ~ 
Btu of gas 1000 ~~ 75 cu ft per hr 


Maximum gas demand for outlet D: 


Consumption 136,000 

= 136 cu ft perh 

Btu of gas ime = enters 

(2) The length of pipe from the gas meter 
to the most remote outlet (A) is 60 
ft. This is the only distance used. 


(3) Using the column marked 60 ft in 
Table 2B (provided this is the Table 
designated for use by the serving gas 
supplier) : 

Outlet A, supplying 30 cfh, re- 

quires 12-in. pipe. 

Outlet B, supplying 3 cfh, requires 

-in. pipe. 

Section 1, supplying outlets A and 

B, or 33 cfh, requires 12-in. pipe. 

Outlet C, supplying 75 cfh, re- 

quires %4-in. pipe. 

Section 2, supplying outlets A, B 

and C, or 108 cfh, requires %-in. 

pipe. 

Outlet D, supplying 136 cfh, re- 

quires %4-in. pipe. 

Section 3 supplying outlets A, B, 

C and D, or 244 cfh, requires |-in. 

pipe. 
If the gravity factor (see 2.4.3-b) is 
applied to this example, the values in 
the column marked 60 ft of Table 2B 
would be multiplied by the multi- 
plier (0.96) from Table 3, and the 
resulting cu ft per hr values would 


be used to size the piping. 
* «x * 
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